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CAUSES OF ASPHYXIAL DEATH 


“‘a deficiency of available oxygen 

in the circulating blood, terminat- 
ing fatally,” or more simply, “oxygen 
want,” or as described by Henderson, 
“asphyxiation is the process that occurs 
whenever it becomes difficult for the tissues 
to obtain their normal supply of oxygen. 
Any absolute deficit kills quickly. As 
exclusion of oxygen extinguishes a fire, so 
too in man or animal a deficiency of oxygen 
in the blood and tissues induces death by 
asphyxia.” 

The causes of asphyxial death may be 
approached from one of two viewpoints: 
from that of experimental physiology, and 
from that of clinical medicine. 

The approach from the point of view of 
experimental physiology complicated by 
biochemical and pathologic variations in- 
dicates a wide etiologic field tied together 
by the common bond of “oxygen want.” 
This approach was elaborated by Coryllos 
who in his recent article on asphyxia quotes 
from Meakins and Davis, seven causes of 
oxygen want: 

1. Insufficient partial pressure of oxygen 
in the inspired air (high altitudes). 

2. Obstruction of air passages or resist- 
ance to respiration. 


deli has been described as, 


3. Obstruction to the passage of gases 
from the alveoli to the blood (edema, 
inflammation, exudation, destructive le- 
sions, emphysema). 

4. Alteration of oxygen-carrying ca- 
pacity of the blood (anemia, carbon 
monoxide, nitrate or chlorate poisoning). 

5. Circulatory failure. 

6. Pollution of the oxygenated blood 
by its mixing with the venous blood 
(uneven ventilation of the lungs, unaerated 
channels, congenital cardiopathies, and 
the like). 

7. Inhibition of oxydative processes in 
the tissues (cyanide poisoning). 

The approach from the viewpoint of 
clinical medicine proposes an integration 
of clinical diseases and accidents, tied 
together by the common bond of “the 
relief of oxygen want,” or a common 
form of treatment which when correctly 
applied is calculated to save the life of the 
patient. When such clinical relief is not 
available, or is inefficiently applied the 
patient succumbs from asphyxiation, a 
typical example of asphyxial death. 

The purpose of bringing about such 
clinical integration is to emphasize the 
importance of the combined causes of 
asphyxia and by such emphasis to bring 
to bear organized measures for prevention 
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and relief. When the various causes of 
asphyxiation have been assembled as a 
single generic problem a major medical 
condition is found to exist. 

The Committee on Asphyxia of the 
American Medical Association reporting 
to the Board of Trustees lists the following 
causes of asphyxiation (J. A. M. A., 
May 1, 1937). 

1. Asphyxia neonatorum. 

2. Asphyxia. from gases used indus- 
trially. 

(a) Carbon monoxide from illumi- 
nating gas and from engine 
exhaust. 

(b) Refrigerants such as ammonia, 
carbon dioxide and dry ice. 

(c) Fumes in the manufacture of 
chemicals. 

(d) Gases associated with the oil 
industry. 

(e) Gases in the mining industry. 

(f) Fumigation for disease; the de- 
struction of rodents on board 
ship and elsewhere. 

3. Asphyxia from gases in warfare. 

4. Asphyxia from drugs, hypnotics, 
narcotics, and sedatives, including 
acute alcoholism. 

5. Asphyxia from disease, such as acute 
pulmonary conditions, asthma and 
cardiac decompensation. 

6. Asphyxia from developmental and 
mechanical abnormalities, such 
as neonatal atelectasis and col- 
lapse of the lung. 

7. Asphyxia from anesthesia due to 
overdosage, idiosyncrasy or a fail- 
ure to meet mechanical obstruc- 
tion, occurring in relaxation. 

8. Asphyxia from submersion (drown- 
ing). 

g. Asphyxia from flying at high alti- 
tudes. 

10. Asphyxia from fire fighting (smoke, 

chemical poisoning) 

11. Asphyxia from obstruction by for- 

eign bodies. 

(a) Material caught in the esopha- 
gus or inhaled. 
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(6) Tumors or infections within 
or without the airway. 

12. Asphyxia from electrocution. 

13. Asphyxia from strangulation. 

14. Asphyxia from allergy. 

15. Asphyxia from terminal poliomye- 

litis. 

In an attempt to revise this list and to 
propose a group of causes of asphyxial 
death, generally acceptable to recognized 
authorities in pathology, toxicology, physi- 
ology, medical jurisprudence and internal 
medicine, a communication was directed 
to a group of twelve men, each dis- 
tinguished in his particular field. Nine 
replies resulted, and six favored the listing 
submitted. One suggested ‘“‘one other 
cause of asphyxiation, which is rare, but 
which might be included. There have been 
a few deaths from a peculiar form of 
polyneuritis with facial diplegia in which 
death has occurred from respiratory failure 
and asphyxiation.” 

One correspondent objected that in view 
of the definition of asphyxial death as that 
type of asphyxiation which when relieved 
by suitable means of resuscitation results 
in saving the life of the patient, and 
the generally accepted first treatment as 
artificial respiration, the wisdom of includ- 
ing numbers 14, 11 and 5 could be ques- 
tioned. “No. 5, Asphyxia from Allergy, 
certainly should not be treated first with 
artificial respiration, but rather with intra- 
venous or intracardiac injections of epi- 
nephrine solution. No. 11, Asphyxia from 
Obstruction by Foreign Bodies, in some 
cases should be treated by artificial respira- 
tion, in others this would be likely to do 
harm rather than good. Of the diseases 
grouped under No. 5 you would probably 
kill your patient doing the artificial 
respiration. tENo. 5 {includes asthma, 
which also* properly comes under No. 


14.” 

It is the intention of our recommenda- 
tions for the treatment of asphyxia to 
precede or accompany artificial respiration 
in each case with a definite attempt to 


remove the cause of asphyxiation. 
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In the case of foreign body obstruction, 
artificial respiration, per se, if practiced 
by exposure of the airway, removal of 
foreign matter, and in the extreme case, 
intubation and insufflation of oxygen, 
would dispose of the difficulty in the rou- 
tine course of treatment. 

In allergy, and in other conditions in- 
volving circulatory complications, it is 
the intention to accompany the treatment 
of acute asphyxia in which the airway 
is cleared and oxygen administered, by 
synchronous intravenous or intracardiac 
medication. 

Three authorities answered the com- 
munication with diverging opinions. One 
stated: 


“T would define asphyxia as a condition in 
which absorption of oxygen from the lungs is 
suddenly and dangerously impaired. It may 
be brought about by lack of oxygen in the re- 
spired air, by occlusion of the respiratory pass- 
ages or alveoli, or by paralysis of the muscles 
of respiration. I find it difficult to define 
asphyxia in its relation to treatment. I would 
not be inclined to include deficient oxygenation 
associated with drugs, etc. (4); disease (5)3 
anaesthesia, etc. (7); or allergy (14); unless in 
conformity with the definition above. For 
example, the diminution of Iung substance by 
tuberculosis, even when extreme, does not, it 
seems to me, produce a condition properly 
designated as asphyxia, whereas, obviously, 
pulmonary hemorrhage may. I should not 
designate the condition of oxygen deficiency 
associated with cardiac decompensation as 
asphyxia. I do not understand exactly what is 
meant by asphyxia from allergy, unless it is 
associated with asthmatic attacks.” 


We have followed the definition of 
asphyxia as it appears in Stedman’s 
Medical Dictionary. It is understood that 
the loss of function of the respiratory 
center enervating the respiratory mecha- 
nism is one of the important causes of 
asphyxia. Under this heading appears 
the action of various drugs which are 
respiratory depressants. From the point of 
view of the clinician, the immediate 
problem is oxygen want and the immediate 
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treatment is to supply this oxygen defi- 
ciency. Where oxygen is administered 
over a long period the effects of central 
depression from drugs may be overcome 
and the patient rescued. We see this situa- 
tion in suicidal attempts with barbiturates, 
morphine, and other drugs as well as in 
idiosyncrasy to medication, preceding anes- 
thesia. There is a record of a case in which 
87 gr. of sodium amytal had been taken. 
Intratracheal insufflation of oxygen over 
a sufficient period carried the patient 
through his central depression. In circula- 
tory abnormalities, if a period of oxygen 
want can be bridged over to recovery of 
the cardiovascular mechanism, the patient 
may be expected to survive. 

As a result of the inquiry undertaken, 
the following list of the causes of asphyxia 
has been found generally acceptable to 


the advisory group to which it was referred. 


1. Asphyxia Neonatorum. 

2. Asphyxia from gases, used indus- 
trially. 

(a) Carbon monoxide from illumi- 
nating gas and from engine 
exhaust, coke and coal fires. 

(b) Refrigerants such as ammonia, 
carbon dioxide and dry ice. 

(c) Fumes in the. manufacture of 
chemicals. 

(d) Gases associated with the oil 
industry. 

(e) Gases in the mining industry. 

(f) Fumigation for disease; the de- 
struction of rodents on board 
ship and elsewhere. 

3. Asphyxia from gases in warfare. 

4. Asphyxia from drugs, hypnotics, 
narcotics, and sedatives including 
acute alcoholism. 

5. Asphyxia from disease, such as acute 
pulmonary conditions, asthma and 
cardiac decompensation. 

6. Asphyxia from developmental and 
mechanical abnormalities, such 
as neonatal atelectasis and col- 
lapse of the lung. 

7. Asphyxia from anesthesia due to 
overdosage, idiosyncrasy or a fail- 
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14. 
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ure to meet mechanical obstruc- 
tion, occurring in relaxation. 


. Asphyxia from submersion (drown- 


Dr. W. Wayne Babcock has called our 
attention to an unfortunate error in his 
article on “Experiences with Resection of 
the Colon and the Elimination of Colos- 
tomy”? which appeared in the October 
issue of The American Journal of Surgery. 
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Asphyxia from suffocation, overly- 
ing, suffocation with soft materials 
such as pillows, etc. 


ing). 17. Asphyxia from external pressure on 
. Asphyxia from high altitude flying. chest and abdomen as caught be- 
. Asphyxia from fire fighting (smoke, tween two moving objects (auto- 
chemical poisoning). mobiles, elevators, and laundry 
Asphyxia from obstruction by for- machinery). 
eign bodies. 18. Asphyxia from collapse of buildings, 
(a) Material caught in the esopha- earth mounds, caves, sand, fire 
gus or inhaled. coal in large coal bins, land slides. 
(6) Tumors or infections within or 19. Asphyxia in manholes, wells, and 
without the airway. declivities in the ground, usually 
Asphyxia from electrocution. from lack of oxygen and increase 
Asphyxia from strangulation, gar- of CO, and sometimes poisonous 
roting, hanging. gases. 
Asphyxia from allergy. 20. Asphyxia from polyneuritis, with 
Asphyxia from terminal poliomye- facial diplegia. 
litis. PALUEL J. FLAGG, M.D. 
CORRECTION 


On page 188, where instructions are given * 
for spinal anesthesia, the amount of ponto- 
caine is incorrectly stated as 100 mg,, 
rather than 10 mg. The larger amount 
would of course be highly dangerous for 
intradural injection. 
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WATER BALANCE* 


Eart O. LATIMER, M.D., F.A.C.S. 


CHICAGO, ILLINOIS 


HE maintenance of the body fluid 

level, both intracellular and extra- 

cellular, is termed water balance. In 
a normal person this Is at a fairly constant 
level and is self-regulatory. The kidneys 
have more to do with the maintenance 
of the chemical concentration of the 
plasma,! and thus of the entire body fluid, 
than of the fluid level. Water balance is 
a complex problem. This paper will deal 
mainly with the two chief components— 
water metabolism and salt metabolism. 
Before abnormal states of water and salt 
metabolism can be discussed, an under- 
standing of their réle in health is necessary, 


WATER METABOLISM 


In health water is ingested by mouth 
and absorbed from the gastrointestinal 
tract. It is lost by vaporization, urination 
and in the stool. As the body needs more 
water the sensation of thirst reminds one 
to take more fluid. The fluid absorbed from 
the gastrointestinal tract is distributed in 
the body to the blood plasma, to the cells 
and to the intercellular tissue. The sources 
of body fluid are (1) water ingested, (2) 
food ingested, and (3) oxidation of body 
material. 

As expected, the greatest source of water 
is that taken by mouth, which normally 
varies from 800 to 3,000 c.c. daily, being 
greatest during warm weather. Under 
unusual circumstances the water intake 
may be greatly increased. Men working 
in the canyon, building the Boulder Dam, 
where the temperature was as high as 120° 


Fahrenheit, drank as much as 10,000 to 
18,000 c.c. of water daily. Men working 
about steel furnaces and in boiler rooms 
likewise drink huge quantities of water. 
In such instances the excessive salt loss 
must be replaced, a problem the industrial 
medical directors are solving. 

The second and very important source 
of water is from food, since about 70 per 
cent of its weight is water. The average 
hospital maintenance diet yields 1,000 to 
1,500 c.c. of water, while the soft diet yields 
about 400 c.c. of water.’ 

The third source of body water is from 
the oxidation of the body tissue. The 
oxidation of 1 Gm. of protein yields 0.4 Gm. 
of water, of 1 Gm. of carbohydrate 0.6 
Gm. of water and of fat 1.07 Gm. of water. 
This source is responsible for from 200 
to 400 c.c. of water daily and in starvation 
as much as 5400 c.c. of water becomes avail- 
able. The combined water content of solid 
food ingested and as a by-product of oxida- 
tion amounts to 0.9 Gm. of water for each 
gram of solid food eaten. 

The loss of water from the body is from 
three sources, I.e., vaporization, urination 
and in the stool. The skin and lungs dis- 
sipate body heat by vaporization. This 
vaporization process is continuous in that 
there is always some vapor in the breath 
and on the body surface. Even without 
visible sweating 25 per cent of the body 
heat is dissipated by water of vaporization. 
This insensible loss of body fluid amounts 
to 1,000 to 1,400 c.c. daily.2~-* The remain- 
ing 75 per cent of body heat is normally 
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dissipated by radiation, conduction and 
convection from the body surfaces. As 
visible sweating occurs, up to 100 per cent 
dissipation of body heat may take place 
by vaporization. 

It is an interesting and important fact 
that vaporization is little affected by 
the amount of water available. Thus 
vaporization has priority over the kidneys 
on water available. 

The kidneys, on the other hand, are 
markedly affected by the amount of water 
available. They excrete the waste material 
presented to them in water left after other 
processes have been cared for. Thus, there 
may be a large daily output of urine of a 
low specific gravity or vice versa. Espe- 
cially in disease there is apt to be a 
deficiency in urine with a retention of some 
of the waste material in the blood stream 
with a resulting rise in the plasma non- 
protein nitrogen. In general, an adequate 
output of urine is indicative of an adequate 
fluid intake—i.e., water balance. However, 
as will be discussed later, this does not 
mean a proper salt metabolism. A small 
urine volume of high specific gravity 
usually means insufficient water intake, 
while excessive quantity of urine of a low 
specific gravity is indicative of the taking 
of excessive amounts of water. 


TABLE I 
Minimum 
SMaximum Con- 
Kidneys centrating Ability, E 
Specific Gravity 35 om. 
of Waste Ma- 
terials, c.c. 
Normal......... I .032-1.029 473 
Diseased........ 1.028-1.025 595 
I.024-1.020 605 
I.01Q-1.015 850 
I.014-1.010 1,439 


As an arbitrary standard 35 Gm. of 
waste material that must be excreted by 
the kidneys daily may be accepted for an 
average adult. Lashmet and Newburgh’ 
determined the excretory capacity of the 
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kidneys in health and disease. Table 1 
(from Maddock and Coller,’ based on 
Lashmet’s and Newburgh’s’ work) indi- 
cates the minimum amount of urine of 
various specific gravities that: must be 
excreted to remove 35 Gm. of waste 
material. 

Persons with normal kidneys require a 
urinary output of only 4500 c.c. if they 
concentrate to maximum capacity, while 
severely damaged kidneys with low con- 
centrating capacity 1.010-I.014 require 
nearly 1,500 c.c. of urine to excrete the 
same amount of solids. The excretion of 
smaller quantities of urine for given 
concentrations will result in retention of 
waste materials and an elevation of the 
non-protein nitrogen of the blood. 

In disease it is safer to assume that 
the kidneys have only a low concentrating 
ability and to strive for a minimum output 
of 1,500 c.c. of urine daily. While some 
believe 750 to 800 c.c. daily output of 
urine is adequate, if such quantities are 
accepted then frequent specific gravities 
of the urine should be determined and these 
should be 1.020 or above. Thus the hydra- 
tion or dehydration of the patient is easily 
checked by determining the urinary output 
if the salt metabolism is normal. At the 
same time this daily observation will 
indicate whether enough solids are being 
removed. 

Water lost in the normal stool is negligi- 
ble. Since the function of the colon is to 
dehydrate the bowel content, an average 
of only 150 c.c. of water is lost daily by 
this route. This is interesting since from 
7,000 to 10,000 c.c. of fluid are poured 
into the upper gastrointestinal tract daily. 
Obviously in cases of diarrhea the fluid 
loss by means of the stools may become 
alarming. 


SALT (SODIUM CHLORIDE) METABOLISM 


Water balance cannot be divorced from 
sodium chloride metabolism because the 
loss of this electrolyte is dependent on 
water to carry it away in solution. The 
normal daily salt requirement as given 
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by different authorities varies from 1 
to 10 Gm.§"!! We may compromise on 
4.5 Gm. as the average daily requirement. 
This salt intake must be greatly increased 
in normal people working under abnormal 
conditions where there is excessive salt 
loss, as in stokers and steel furnace workers, 
etc. 

Sherman? has estimated the total salt 
content of the body as 0.15 per cent of 
the body weight expressed as chlorides or 
0.248 per cent of the body weight expressed 
as sodium chloride. The total sodium 
chloride content of a 60 kg. person would 
be 148.8 Gm. 

Sodium chloride has two main body 
functions. As an electrolyte it aids in 
maintaining the acid-base balance of the 
body by its sodium and chloride ions. 
The other function is to aid in the distribu- 
tion of body fluids and the regulation of 
their amounts by its influence on osmotic 
pressure. 

In the role of acid-base balance, if the 
chloride ion is lost as in high intestinal 
obstruction, it is readily replaced by the 
bicarbonate ion. Most significant is the 
fact that when the sodium ion is lost no 
other ion can adequately take its place. 
Therefore, in the loss of excessive amounts 
of sodium ion without the loss of chloride 
ion, chloride and bicarbonate ions are 
excreted in order to maintain the body 
acid-base balance. This results in a definite 
depletion of the total electrolyte content 
which in turn leads to a decrease of the 
total body water, or dehydration. Dehydra- 
tion subsequent to loss of gastrointestinal 
secretion is due to the loss of sodium 
Ions. 

Salt balance in a healthy individual is 
of no practical significance. The chloride 
content of the blood expressed as sodium 
chloride (since pure chloride determination 
Is not feasible) is 450 to 500 mg. per 100 
c.c. of blood. Or if expressed as plasma 
sodium chloride, it is 450 to 630 mg. per 
cent. This blood chloride content in health 
does not change even if huge quantities 
of salt are ingested. The average person 
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ingests daily from 8 to 12 Gm. of salt. 
About 2 per cent or 0.2 Gm. is excreted in 
the feces, 0.24 to 0.41 Gm. is lost through 
the skin in absence of sweating. Only 
0.5 Gm. is normally lost through these 
channels, and the balance, after being used 
for body requirements, Is excreted in the 
urine. The urine may contain up to 2 per 
cent salt. In cases of diarrhea, gastro- 
intestinal loss, sweating, etc., the urine 
chlorides are decreased. The calculated 
body requirement varies from 1 Gm. 
daily’ to 5 to 10 Gm."! 

Excessive amounts of salt when ingested 
are removed in the urine or may cause 
diarrhea. The picture is different in disease® 
and the excessive sodium chloride is 
retained along with water, resulting in 
edema. This causes a hydremia and not a 
hyperchloremia. 

A different situation occurs in cases of 
inadequate salt intake. When the salt 
ingested is below body requirements nor- 
mal quantities of chlorides will be excreted 
in the urine for a few days then be reduced, 
but small amounts of chlorides will be 
excreted each day. A man fasting thirty- 
nine days excreted 20.3 Gm. of sodium 
chloride during this time, of which 50 
per cent was lost in the first four days.!? 
After several days of fasting the kidneys 
conserve salt by excreting less than 0.5 
Gm. per day and if salt is lost elsewhere, 
as in an intestinal fistula, the urinary 
output falls below 0.1 Gm. per day. 

Investigators have found that the loss 
of chlorides through normal and abnormal 
body fluid losses causes first a fall in the 
blood chlorides—hypochloremia—and sec- 
ond a depletion of the body chlorides 
in general. This is often followed by an 
alteration in the acid-base balance, and 
commonly there is an increase in the 
blood non-protein nitrogen as a later 
manifestation. !! 

If, instead of a loss of both the sodium 
and the chloride ions, there is a loss of one 
in excess over the other, then different 
blood findings occur. In the case of a loss 
of chloride ions—for example, in long 
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continued gastric aspiration—the chloride 
ion loss is compensated by an increase 
of the bicarbonate ion. Thus the water 
balance of the body is maintained if 
enough water is available. However, the 
reduced chloride content of the blood 
causes an alkalosis with an _ increased 
carbon dioxide combining power. In the 
absence of a sufficient amount of water 
the urinary output is reduced and the blood 
non-protein nitrogen is increased. If enough 
water is then supplied the total non- 
protein nitrogen falls, but not the carbon 
dioxide combining power of the blood. 

The body has no substitute for the 
excessive loss of the sodium ion, and 
acidosis results, with a lowered blood 
carbon dioxide combining power. Body 
fluids are lost in excess and an increase 
in the blood non-protein nitrogen occurs. 
Giving water alone will not improve the 
dehydration but may even make it more 
severe. Only the replacement of the sodium 
ion will correct the condition. 

The third possibility—equal loss of 
sodium and chloride ions—will not change 
the acid-base relationship, but dehydration 
will occur. Dehydration occurs in the 
body’s effort to maintain the sodium 
concentration and the osmotic pressure at 
a constant level. If the salt loss and its 
accompanying water loss continue, even- 
tually it is more important for the body to 
retain water than to maintain a constant 
sodium chloride level and then the blood 
chlorides fall. Bartlett?! and his co-workers 
believe that the non-electrolyte urea is 
retained to maintain the osmotic pressure. 
The blood non-protein nitrogen is increased 
and the mere administration of water will 
not lower it significantly; salt is also 
necessary. 


DEHYDRATION 


Our first consideration is dehydration 
attendant on surgical operations. About 
70 per cent of the fluid loss during an 
operation is due to vaporization. The 
remainder is due to blood loss, vomitus 
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and urine secreted. The urinary secretion 
is small. Surgeons working on the pelvic 
organs for sixty to ninety minutes, or 
more, are not disturbed by the urinary 
bladder becoming filled. Preoperative de- 
hydration of the patient can be avoided 
to a great extent by substituting parenteral 
administration of fluids if fluids cannot be 
taken freely by mouth. 

In the operating room the loss through 
perspiration can be reduced greatly by 
using light drapes. Air conditioned and 
humidity controlled operating rooms are 
a great aid in this direction. The old 
“ether bed” added insult to injury by 
further sweating and dehydrating an al- 
ready partially dehydrated patient. Except 
in cases of shock a comfortable bed with 
light covers is all that is needed. 

The blood lost during surgical procedures 
is a factor in dehydration, depending 
upon the amount of blood lost. The 
figures in Table 11 were accurately deter- 
mined for eleven cases.’ The figures for 
the brain surgery represent the extremes 
of several cases. 


TABLE II 
BLOOD LOSS DURING TYPICAL OPERATIONS 
C.C. of Blood 
Operation Lost 

Partial gastric resection............... 274 
Excision of thyroglossal cyst........... 174 
Repair of inguinal hernia.............. 54 and 147 
8 
Excision retroperitoneal teratoma...... 540 
Radical Mastectomy................... 1,272 
Repair of ventral hernia. . 306 


Brain operations (White, Sweet and Hur- 


It is evident that the routine procedure 
of administering fluids either by hypo- 
dermoclysis or intravenously during the 
course of the operation is on a sound basis. 
In calculating the amount of fluids to be 
administered on the operative day it Is 
wise to allow for 500 to 1,000 c.c. excessive 
loss during the course of the operation and 
immediately following. A custom I practice 
is to ignore the fluids given in the operating 
room in calculating the daily volume 
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of fluids to be given but not the salt given. 
Thus, if it is determined that the patient 
should receive 3,500 c.c. of fluid, this is 
given in addition to the fluids given in 
the operating room. However, if 1,000 c.c. 
of physiologic salt solution is given during 
the operation, while for the day 4,500 c.c. 
of fluid should be given, ordinarily the 
remaining 3,500 c.c. would be given as 
5 per cent glucose in distilled water. The 
réle of such fluids in preventing or lessening 
the degree of surgical shock also commends 
their use during the surgical procedure. 

Postoperative Loss of Fluid. A smoothly 
convalescing patient will vaporize the 
same amount of fluid as will a normal per- 
son—I,000 to 1,500 c.c. in twenty-four 
hours. The presence of a fever will increase 
the amount of water lost by vaporization 
to as much as 2,500 c.c. A hyperthyroid 
state is characterized, among other things, 
by a warm moist skin and the water of 
vaporization is frequently 1,500 to 2,000 
c.c. It must be remembered that this water 
of vaporization is lost before fluid is avail- 
able to the kidneys. 

Abnormal fluid losses may be great and 
if ignored will upset the water balance. 
Such abnormal losses may be from hemor- 
rhage, vomitus or fluid aspirated from 
the upper gastrointestinal tract, diarrhea, 
biliary or intestinal fistula and excessive 
expectoration. 

These fluid losses may be preoperative, 
postoperative or both. It is not uncommon 
to aspirate 500 to 1,000 c.c. or more of 
fluid from the stomach and duodenum 
when the indwelling catheter with negative 
pressure is used. In case of a biliary fistula 
similar amounts may be lost.’ Severe 
diarrhea may cause enormous loss of fluids 
as well as of sodium ions. Excessive 
expectoration is rarely a cause of sufficient 
fluid loss to necessitate replacement. Large 
denuded areas may cause considerable 
fluid Ioss but usually the protein loss is 
more important. 

We are now in a position to calculate 
the necessary water intake in order to 
maintain the water balance of the patient. 
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(Table 111.) It will be shown that such 
fluid must be properly balanced as to total 
salt content. 


TABLE II 
WATER NEEDED FOR EXCRETION PER 24 HOURSS 
Ce. 
1. Insensible water Ioss............... 1,500 to 2,000 


3. Abnormal loss (vomitus, etc.)....... 


3,000 tO 3,500 


An average adult patient with no 
abnormal water loss requires a daily intake 
of approximately 3,500 c.c. of fluid. Where 
there is an abnormal water loss this should 
be quantitatively determined and an equal 
volume of water added to the fluid intake. 
If an indwelling catheter is in the stomach 
or duodenum and fluids are given by 
mouth, this quantity must be deducted 
from the total aspirated volume to arrive 
at a correct figure for the gastric-duodenal 
material aspirated. 

To calculate the total water intake 
required to maintain the water balance in 
an adult with constant aspiration of the 
stomach and with the patient being 
permitted to drink water, it is necessary 
to add the net aspirated stomach contents 
to the basic requirements of 3,500 c.c. 
Thus, if 1,250 c.c. of material is aspirated 
from the stomach in twenty-four hours, 
but 740 c.c. of water has been drunk, then 
there is a net aspirated stomach content 
of 500 c.c. The patient should then receive 
3,500 c.c. plus 500 c.c. or 4,000 c.c. of fluid 
in that twenty-four hours. 

With many patients subjected to con- 
tinued stomach aspiration preoperatively, 
it is well to remember that they may come 
to the operating room in a state of partial 
dehydration and even hypochloremia un- 
Iess this fluid and electrolyte loss is 
replaced. 

A rule worth repeating is that in general 
the simplest test of hydration of the 
patient is to measure the twenty-four 
hour urinary output. This should be 
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WATER BALANCE OF THE DEHYDRATED 
PATIENT 


If a patient is dehydrated before present- 
ing himself for treatment or if he is per- 
mitted to become dehydrated, additional 
problems arise. The symptoms of dehydra- 
tion are dry hot skin, parched tongue, 
slight fever, sunken eyes, scanty urine of 
high specific gravity. There may be 
albumin in the urine in the severe cases 
and the blood non-protein nitrogen is 
increased to as high as 40 mg. per 100 c.c. 

When serious dehydration occurs, the 
water loss may amount to 6 per cent of 
the body weight.’ A loss of about 10 per 
cent is incompatible with life. Table 1v 
gives the amount of water equal to 6 per 
cent for various body weights.® 


TABLE Iv 


Body Weight 6 Per Cent, C.c. 


1,200 
Geis. or 123 pounds............... 3,600 
80 Kg. or 176 pounds............... 4,800 


If a 176 pound patient is dehydrated 
he would theoretically need in the first 
twenty-four hours 4,800 c.c. plus 3,500 c.c., 
or 8,300 c.c. of fluid. A blood chloride 
determination is necessary to determine 
how much sodium chloride need be given 
(the method of calculation for this will 
be given Iater). Some workers prefer 
to hydrate such a patient over two or more 
days. 


SIGNS AND SYMPTOMS OF HYPOCHLOREMIA 


It is interesting that at times we 
attribute certain symptoms to the disease 
rather than to the reduced blood chlorides. 
The symptoms of hypochloremia are as 
follows: 

Group A: 1. Marked lethargy 

2. Lassitude 
3. Depression 
4. Weakness 
5. Fatigue 
Group B: 1. Dulling sense of taste 
2. Anorexia 
3. Nausea 
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Group C: 1. Dulling of mentality 
2. Drowsiness 
3. Stupor 
4. Coma 

Group D: 1. Muscular twitching 
2. Cramps 

The less constant signs of hypochloremia 
are: 

1. Dehydration—signs of which were 
listed before. 

2. Alkalosis, with shallow slow respira- 
tion, and occasionally, tetany. 

3. Acidosis may be present with deep 
rapid breathing. 

4. Low pulse pressure may be present. 

. Shock. 

Symptoms usuaily occur when the blood 
chlorides are 370 or below, but may occur 
at a much higher level. The diagnosis 
rests on the finding of low blood chlorides. 
Frequent blood chloride estimates are 
expensive and often impractical. In such 
cases the urinary excretion of sodium 
chloride can be determined. A roughly 
quantitative determination can be quickly 
made by the method suggested by Fantus." 
The method is as follows: “Place 10 drops 
of urine in a test tube. Add one drop of a 
I to 5 potassium chromate solution. The 
fluid will now assume a distinctly yellow 
color. Add drop by drop, with the same 
dropper or one of the same caliber, a 
2.9 per cent silver nitrate solution until 
a permanent and distinct color change 
to red-brown occurs (silver chromate). 
The number of drops required to produce 
the change of color expresses in grams the 
content of chloride per liter of urine.” 
Fantus!* believes that, except in emer- 
gencies, no.patient should be sent to the 
Operating room unless he has passed at 
least 1,500 c.c. of urine in the preceding 
twenty-four hours and unless this urine 
contains at least 0.5 per cent of chloride. 
Dehydrated patients with hypochloremia 
would not be operated on. 

To prevent hypochloremia in surgical 
patients who cannot take fluids by mouth 
it is necessary to give a minimum of 
500 c.c. of physiologic salt solution which 
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contains approximately 4.5 Gm. of sodium 
chloride. Unless contraindicated because 
of kidney damage we give 1,000 c.c. of 
physiologic salt or Ringer’s solution. The 
abnormal fluid loss is replaced volume for 
volume with physiologic salt solution or 
Ringer’s solution. This 1,000 c.c. of solu- 
tion that is given routinely contains twice 
the normal daily requirement of sodium 
chloride and will compensate for the first 
goo c.c. of abnormal fluid loss. In deter- 
mining the gastric secretion, the amount 
of water drunk is deducted from the total 
aspirated volume to get the true amount of 
gastric fluid lost. The balance of the water 
must be given without the electrolyte. 

If the patient has developed hypo- 
chloremia we are confronted with the 
problem of supplying enough sodium 
chloride to bring the blood chlorides up 
to normal. Orr™ has suggested giving to 
such patients 250 to 500 c.c. of a 2.5 to 5 
per cent solution of sodium chloride intra- 
venously. This method will work but it is 
empirical, not based on a quantitative 
need, and the solution is definitely hyper- 
tonic. Bartlett!! and his co-workers have 
evolved a formula based on the absolute 
requirement of salt of a patient of any 
weight. This formula makes use of Sher- 
man’s’ determination of the normal body 
content of salt being 0.248 per cent of the 
body weight. The formula is: 


Gm.* salt needed = 450-actual ia chlorides 


X 2.48 X kg. of body weight. 


From this formula a clinical rule simple 
in its application was formulated: For 
each 100 mg. that the whole blood chlorides 
need to be raised to reach the normal 
(450 mg.) the patient should be given 


* If chloride estimates are for plasma chlorides rather 
than blood chlorides, then the formula would be: 


560-actual plasma chlorides 
560 
X 2.48 X kg. body weight. 


Gm. salt needed = 
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0.6 Gm. of sodium chloride per kg. or 
0.25 Gm. per pound of body weight. 

In these determinations the lower normal 
level is used since it is not possible in many 
patients to elevate the blood chlorides 
above the lower limits of normal. If 
desired, the calculations may be made on 
higher values for normal. 

According to the clinical rule, a 60 kg. 
person with a blood chloride of 350 mg. 
per cent requires 36 Gm. of salt to raise 
the blood chloride to a normal of 450. 


100 mg. needed to raise to normal 
100 


X 0.6 X 60.0 = 36.0 


If the exact formula were used instead 
of the clinical rule, it would be found that 
33.0 Gm. of salt were needed. This dis- 
crepancy is insignificant clinically. 

If only the dehydrated weight of the 
patient is known, the hydrated weight 
can be calculated as follows: 


Dehydrated weight 
0.94 

The salt should be replaced as an 

isotonic solution, either physiologic salt 


or Ringer’s solution. If physiologic salt is 
used the patient should receive 


Hydrated weight = 


36.0 
8.5 


When it is not possible accurately to 
measure the abnormal body losses, man- 
agement is difficult as too little or too 
much salt may be administered with a 
hypochloremia persisting in the former 
and edema occurring in the latter. Frequent 
blood chloride determinations may be 
made but the simpler and more rapid urine 
chloride determination of Fantus is usu- 
ally sufficient. While excessive salt secre- 
tion in the urine is usually indicative of 
excessive salt intake in disease, this is 


= 4.2 liters. 


t If plasma chlorides rather than blood chlorides are 
determined, the rule is: For each 100 mg. that the 
plasma chloride level needs to be raised to reach the 
normal, the patient should be given 0.5 Gm. per kg. or 
0.2 Gm. per pound of body weight. 
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not necessarily true nor does the blood 
chloride content go above normal. 

Certain complicating factors should be 
mentioned; the ideal managemen:: of these 
problems is still unsolved. In “cases of 
edema, ascites, and hydrothorax a vicious 
circle often develops.’*” In an attempt 
to maintain the osmotic pressure of the 
transudate the blood chlorides are depleted. 
If large amounts of sodium chloride are 
given more fluid is retained. 


METHODS OF ADMINISTRATION OF FLUID 
1. By mouth (most desirable where 


feasible) 

2. Proctoclysis 

3. Retention enema 

4. Subcutaneously 

5. Intravenously 

Needless to say, the patient able to 
take fluids by mouth and absorb the fluid 
from the gastrointestinal tract should 
receive fluids orally. 

Proctoclysis or retention enemas of tap 
water or physiologic salt solution are 
the second most simple method of admin- 
istration of fluids. However, there is a 
limit to the amount of fluid that can be 
absorbed from the colon. Such administra- 
tion is distressing to many patients and 
should be reserved in certain cases for 
the administration of drugs, when the 
patient is unable to take drugs by mouth. 
Rectal administration of fluids and drugs 
is too often overlooked. Glucose, however, 
is not absorbed from the rectum.’® Mc- 
Nealy” believes there is an advantage 
in administering by rectum the aspi- 
rated stomach and duodenal contents 
except in patients with carcinoma of the 
stomach. 

The administration of fluids by hypo- 
dermoclysis is not a dangerous but too 
often a painful procedure. The needles 
should not be introduced near large vessels 
or nerves, nor should the fluid be intro- 
duced too near the joints. The axilla 
is the ideal location for the introduction 
of subcutaneous fluids because of the 
large amount of loose areolar tissue and the 
wealth of lymphatics. Probably the poorest 
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location for hypodermoclysis needles is 
in or beneath the breasts. The widespread 
use of the breasts for such fluid administra- 
tion has done more than any other single 
factor to bring a most valuable procedure 
into disrepute, especially in the estimation 
of the patient. 

The use of large quantities of fluids 
subcutaneously calls for various sites for 
their introduction. The thighs offer a 
convenient location. The outer surface 
of the thigh is preferable to the inner side, 
although more painful, and absorption 
is less rapid. The inner aspect of the thigh 
is undesirable because of the universal 
contamination of this area and the frequent 
incidence of varicose veins. Fluids intro- 
duced about old varicose veins may cause 
an exacerbation of an old thrombophlebitis. 
Practically all sloughing of tissue secondary 
to hypodermoclysis occurs on the inner 
aspect of the thigh. An excellent practice 
in giving fluids by hypodermoclysis is to 
give 1 liter, remove the needles and, several 
hours later, reinsert the needles, giving a 
second liter. This procedure should be 
repeated until the desired quantity of fluid 
is administered. Isotonic glucose solution 
is more slowly absorbed from. the sub- 
cutaneous tissues than is physiologic salt 
solution. 

With the many refinements in the 
preparation of fluids, intravenous ad- 
ministration is the method of choice with 
many clinicians. It has the advantage of 
being less painful than hypodermoclysis. 
Chills and fever are rare occurrences follow- 
ing phleboclysis today, and if such do 
occur, the preparation of the rubber 
tubing should be carefully checked before 
blaming the accepted commercial prepara- 
tions for intravenous administration. Oc- 
casionally such fluids are apparently at 
fault. Each flask should be carefully 
inspected for any change in color or gross 
foreign particles before administering it. 
The hazards of intravenous administration 
are avoidable by the exercise of reasonable 
care and skill. (1) The circulatory system 
may be overburdened by too rapid increase 
in the blood volume. The rate of flow of 
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intravenous fluids should be 250 to 500 c.c. 
per hour. In heart damage a lower figure 
is preferable. (2) General edema and edema 
of the lungs are secondary to overburdening 
the heart. (3) Thrombosis of the vein at 
the site of injection is easily avoided by 
removing the needle after completing the 
injection and frequently changing the veins 
chosen for injection. Varicose veins should 
be avoided as the site of injection because 
of the danger of lighting up a dormant 
thrombophlebitis, a serious complication 
in any illness. (4) Increase of the degree 
of dehydration of the patient by the use 
of hypertonic solution™ is to be avoided. 
(5) Hassin®* recently reported eight cases 
of nerve injuries subsequent to administra- 
tion of fluids in the basilic and cephalic 
veins at the bend of the elbow. Care in 
introduction of the needle into the vein 
and avoiding spilling fluid outside of the 
vein will prevent such accidents. Veins on 
the dorsum of the hand are often useful 
for introduction of fluids. 


FLUIDS THAT MAY BE ADMINISTERED 


Water is the simplest fluid that may be 
administered by mouth and is the vehicle 
of all solutions taken into the body. As 
long as water can be given orally in 
adequate amounts we need not worry 
about other methods of administration. 
If necessary, sodium chloride or glucose 
may be added to the fluid given orally. 
Tap water or physiologic salt solution may 
be given by rectum. Too much water 
may be given, with a resulting water 
intoxication. Helwig?:?* and his associates 
reported two cases of water intoxication 
associated with a lowering of the blood 
chlorides. One patient died and one 
recovered. The patient who recovered 
received 7,000 c.c. of tap water by procto- 
clysis in the first thirty-six hours after 
operation. At this stage the patient became 
unconscious and developed convulsive 
movements. The blood chlorides fell to 
380 mg. per cent. Recovery followed 
administration of hypertonic sodium chlo- 
ride solution and sodium chloride by 
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mouth. There was an edema of the cerebral 
tissue in the patient who died. 

It has been found*‘ that approximately 
70 pei!cent of the body consists of water 
which moves between intracellular and 
extracellular tissues to maintain an osmotic 
equilibrium between the intracellular and 
extracellular fluids. Sodium ions and chlo- 
ride ions are the chief electrolytes of the 
extracellular fluids. Intracellular electro- 
Iytes are believed to be proteins, potassium 
and phosphates. Thus, as the salt is 
removed from the extracellular fluid, water 
passes into the cell to readjust the osmotic 
pressure with the extracellular fluid. As a 
result there is an edema and swelling 
of the cell, thus explaining the edema of 
the cerebral tissue in Helwig’s fatal case 
of water intoxication. 

Salt Solutions. Physiologic salt solu- 
tion, Ringer’s solution and Hartman’s 
solution may all be considered under the 
classification of salt solutions. Physiologic 
salt solution is 0.85 per cent salt in dis- 
tilled water. Ringer’s solution contains 
slightly less sodium chloride, but in addi- 
tion has calcium and potassium ions. In 
Hartman’s solution there is sodium lactate 
as well as the constituents of Ringer’s 
solution. 

Physiologic salt solution is isotonic. 
If less than 0.85 per cent salt is contained 
in the solution, solution should be made 
isotonic by the addition of glucose. 

Since physiologic saline solution contains 
8.5 Gm. of sodium chloride per liter, a 
patient who receives 3,500 c.c. of such 
solution receives approximately 30 Gm. 
of sodium chloride or seven times the 
average daily requirement of 4.5 Gm. 
Samson-Wright’ states that isotonic salt 
or similar solutions which are drunk are 
retained better than if given intravenously. 
Maddock and Coller® found that patients 
given 5 per cent glucose in physiologic 
salt or Ringer’s solution retained water, less 
being retained if Ringer’s solution was 
used. The work of Maddock and Coller 
demonstrated that salt metabolism in 
disease is not the same as in health and that 
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excessive quantities of salt in solution 
cause retention of water in the tissues. 
These workers found that patients receiv- 
ing 5 per cent glucose in distilled water 
did not retain water in the tissues. 

Glucose. A 5 per cent solution of glucose 
in distilled water in isotonic. This is our 
best method of giving water parenterally 
without the introduction of an electrolyte 
to upset the water balance. The water 
exchange when isotonic glucose solution 
is given is the same as if the fluids were 
given by mouth. Thus a patient requiring 
3,500 c.c. of water in twenty-four hours 
would best receive this as 1,000 c.c. 
physiologic salt solution or Ringer’s solu- 
tion and 2,500 c.c. as 5 per cent glucose 
in distilled water. 

Animals will tolerate up to 0.8 Gm. of 
glucose per kg. of body weight per hour 
when given intravenously without any 
trace of it in the urine.**> When 0.9 to 
2 Gm. of glucose per kg. of body weight 
are administered intravenously per hour 
some of the excess is eliminated in the 
urine. Translated into working terms, a 
175 pound (80 kg.) man should tolerate up 
to 1,280 c.c. of 5 per cent glucose per hour 
or 640 c.c. of 10 per cent glucose per hour. 
Clinically it is found that when 5 per cent 
glucose is given at the rate of 300 to 500 c.c. 
per hour, 79 per cent of the patients will 
exhibit sugar in the urine and if 10 per 
cent glucose is given at the same rate, all 
will present sugar in the urine.” This 
may occur without an elevation of the 
blood sugar and the amount of sugar 
spilled is insignificant. In diabetics, as 
well as in non-diabetics, the sugar may be 
“‘covered”’ when desired by an adequate 
dose of insulin. More urine is secreted if 
10 per cent glucose solution is given intra- 
venously than if 5 per cent glucose is 
administered. 

While an isotonic solution is physio- 
logically sound there are occasions when 
hypertonic solutions are justifiable, but 
such cases are exceptions and not the rule. 
In patients with hyperthyroidism or liver 
damage 10 per cent glucose in distilled 


Latimer—Water Balance 


NoveMBER, 1939 


water is often the solution of choice. There 
are 200 calories per liter of 5 per cent 
glucose and 400 calories per liter of 10 
per cent glucose solution, so where extra 
calories are needed 10 per cent glucose 
solution may be preferred. 

Salt and Glucose Mixtures. It is in the 
use of mixtures or combinations of salt 
and glucose that we find the greatest 
number straying from physiologic prin- 
ciples. It is a practice of almost all com- 
mercial houses to prepare 5 per cent glucose 
in physiologic salt, Ringer’s, or Hartman’s 
solutions. In fact, many hospitals do not 
stock glucose in distilled water. Thus 
the first violation of physiology is to give 
every patient receiving such combination a 
hypertonic solution. While there is a large 
factor of safety, it is not necessarily always 
safe—if so, there is no reason for insisting 
on the salt solution, Ringer’s and Hart- 
man’s solutions being isotonic. 

Secondly, such combinations of salt and 
glucose lead to the intake of unnecessarily 
large quantities of salt, which cannot 
be removed by the sick patient and lead 
to edema. This error is due frequently to 
the assumption by the clinician that the 
glucose is dissolved in distilled water. 

If it is desired to give a combination of 
salt and glucose, isotonic solutions of 
0.425 per cent sodium chloride and 2.5 
per cent glucose or variations of these 
constituents to maintain an isotonic solu- 
tion should be given. 

Blood transfusions and gum _ acacia 
solution should be reserved for shock, 
hemorrhage, severe anemia, and edema 
from protein loss. While there are recorded 
instances of protein shock and death from 
the use of gum acacia, many still consider 
it a valuable adjunct for maintaining the 
viscosity of the blood. 


SUMMARY 


1. Water metabolism and salt metabo- 
lism are the chief factors in water balance. 

2. No water is available to the kidneys 
until the requirements of vaporization are 
satisfied. 


f 
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3. Normal kidneys need a urinary 
output of only 500 c.c. if they concentrate 
to maximum capacity, while severely 
damaged kidneys with low concentrating 
capacity (I .010—-1.014) require nearly 1,500 
c.c. of urine to excrete the same amount 
of sotids. 

4. The average daily sodium chloride 
requirement of an adult is about 4.5 Gm. 

5. The loss of the chloride ion causes 
an alkalosis. The loss of the sodium ion 
causes an acidosis. 

6. The parenteral administration of 
fluids during the course of operations is a 
rational procedure. Such fluid should not 
be considered in calculating daily volume 
of fluid to be given but the salt content 
should be considered. 

7. A simple test of hydration is to 
measure the twenty-four hour urinary 
output, which should be approximately 
1,500 C.C. 

8. In case of serious dehydration the 
water loss amounts to 6 per cent of the 
body weight. 

g. The clinical rule of Bartlett for 
determining the amount of sodium chloride 
required to bring the blood chlorides to 
normal in cases of hypochloremia is 
satisfactory. 

10. The indiscriminate use of hypotonic 
and hypertonic solutions is to be con- 
demned. The routine use of 5 per cent 
glucose in physiologic salt solution is not 
physiologic in principle. 

11. The average patient unable to take 
fluids by mouth should receive 500 to 
1,000 c.c. of physiologic salt solution. 
The balance of the water requirement 
should be given as 5 per cent glucose in 
distilled water. 

12. Patients with hyperthyroidism and 
liver damage may be given 10 per cent 
glucose in distilled water. 
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IFE does not move in the channels of 
old, and death patterns have accord- 
ingly changed. Montaigne remarked 

“Men do not usually die; they kill them- 
selves.” The degree to which changes have 
occurred in the causes of death, raises a 
question as to the validity of the statement 
of the philosopher. 

Selwyn D. Collins! recently indicated 
the prevalence of particular forms of 
ailments at specific age levels. He directed 
attention to the fact that the major causes 
of death are not necessarily the most 
frequent causes of illness and hence, “The 
respiratory diseases are outstanding as 
causes of illness whether non-disabling or 
disabling; the degenerative diseases are 
more important as causes of death.” He 
demonstrated, however, that these respira- 
tory diseases constitute an overwhelming 
part of the sickness burden at every age 
and that the existence of digestive disorders 
Is important throughout life. In the light of 
his statement it becomes important to 
make a somewhat thorough investigation 
of mortality, as it is recorded at varying 
age levels. 

Death, as a frustration of personal 
continuity, obviously is a somatic reaction 
to environment in terms of constitutional 
alterations in vitality. The marked change 
in the modern expectation of life and the 
advancement of survival values, along with 
changing morbidity rates, represents, to a 
large extent, the modification of environ- 
mental conditions rather than any specific 
advance in constitutional capacities. Thus, 
if the aeroplane brings about an increasing 
fatality rate, there is necessarily a shift in 
rates for other accidents and diseases. With 
the decline of tuberculosis because of the 
alteration and control of environmental 
factors, there is an increased possibility for 


death to occur during the period of indus- 
trial activity from causes non-tuberculous 
in character. Similarly, it is obvious that 
with an increased recourse to surgery there 
is an additional possibility for an increased 
number of deaths following some ailments, 
operable or nonoperable, at an age earlier 
than such deaths might have occurred if no 
operation were performed. It is equally 
true that surgery has postponed many 
deaths to an age far beyond expectation. It 
is obvious that a considerable amount of 
shift in mortality rate is incidental to a 
very simple alteration in the environment. 
Insofar as infant mortality diminished 
under social attack, survival values to age 
5 and above increased, as a result of which 
there were modifications of resistances 
which actually affected physical well being 
and altered, therefore, the percentile ap- 
pearance of deaths from specific causes 
during the age 5 to g period. The develop- 
ment of first aid appliances, safety first 
teams, factory inspection and the like 
lowered mortality rates during the age 
period of industrial activity and thus 
enabled a larger group to advance into 
middle life and to die from causes espe- 
cially lethal during the fifth and sixth 
decades. 

Man’s efforts to modify and better his 
environment have been constant during 
the ages but the advances of the past fifty 
years have been sharply precipitated by his 
scientific development. The Progress in 
Public Health charts, published in 1934 by 
the Metropolitan Life Insurance Company, 
reveal a remarkable contrast between the 
order of significance of the causes of death 
for 1900 and 1932. The following rates 
apply to the ten original states in the Death 
Registration Area and in the District of 
Columbia. 
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1900 Rate 1932 Rate 
1. Tuberculosis. ...| 195 | Diseases of the heart) 280 
3. Diarrhea and en- Nephritis.......... go 
140 | Pneumonia........ 82 
4. Diseases of the Cerebral _hemor- 
5. Nephritis....... 89 | Accidents......... 70 
6. Congenital mal- Tuberculosis....... 59 
formations and Congenital malfor- 
diseases of early mations and dis- 
88 eases of early in- 
7. Cerebral hemor- 52 
rhage. . Pee): 28 
8. Measles, scarlet 
fever, pertussis 
and diphtheria. .| 76 
9. Accidents....... 72 
sg, 64 


It is notable that the total deaths from 
accidents had jumped from ninth place to 
the sixth place, while pneumonia fell from 
the second to the fourth place. Heart 
disease and cancer have risen to their 
higher positions because of many factors 
caught up in the changing age of our 
population, namely, the fact that a larger 
proportion now live to age 60, while there 
is a decreasing group of the population 
below age 25. One observes this definite 
rise in some causes of death incidental to 
the aging population levels and a falling off 
of other conditions once incidental to the 
earlier age period. If one notes the differ- 
ences between the mortality rates for the 
two dates, one appreciates these distinc- 
tions very clearly. Thus, the rate of heart 
disease is more than doubled; cancer has 
almost doubled; nephritis is practically 
stationary but has risen in position; pneu- 
monia has been reduced by half. One 
senses, therefore, shifts in values in terms of 
increasing, decreasing and stationary rates, 
which are not wholly caught up in the 
disease processes, per se, but are related 
to all the population changes in the general 
environment. 

Sir Humphrey Rolleston? has suggested 
that the character of diseases such as 
scarlet fever, smallpox and typhus, has 
markedly changed and that this fact has 
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been responsible for the modification of 
their fatality rates. He emphasizes, how- 
ever, that environmental changes are as 
significant as those incidental to the 
biologic modifications of etiologic factors. 
People have changed in their internal 
environment as well as in their external 
environment; and the differential values of 
food, poverty, the stress and strain of life, 
are matters of biologic as well as of soci- 
ologic import. No one can deny that war 
altered the incidence of disease, increasing 
trench mouth, for example, while it 
diminished obesity; allowing an increase of 
rickets in the general population, and a 
decrease of venereal disease along at least 
one military sector. There can be no doubt 
that in an industrial age, electrification and 
motorization have heightened the speed of 
life, augmented the wear and tear of 
individuals, and produced a profound effect 
upon blood pressure, cardiovascular-renal 
reactions, and the activities of the sympa- 
thetic nervous system. One would expect, 
therefore, the evident increased fatality 
rate from diseases of the circulatory and 
renal systems as well as the manifest rise in 
the mortality from diabetes and conditions 
secondary to arteriosclerosis. 

It is obvious that fatalities must be 
altered as the result of human accomplish- 
ment. A group in the community who 
might have died from the now obsolescent 
typhoid fever, cholera, typhus, gastro- 
entero-colitis, relapsing fever and malaria, 
now must die from some other ailment 
during the same relative age period, or 
succumb to some other disease at a later 
age. It is also quite apparent that many 
diseases appear to have had their natural 
history altered; thus, syphilis appears to be 
less malignant; acute rheumatism and gout 
are rarer; cirrhosis of the liver seemingly 
has declined; chlorosis has practically dis- 
appeared. On the other hand, numerous 
other diseases have been conditioned into 
existence, especially the large group known 
as occupational diseases, whether made 
manifest in the form of dermatitis, neuroses 
or psychoses. 


{ 
| | 
a 
| 
| 
| 
rf 


236 American Journal of Surgery 

Not alone have diseases undergone trans- 
formation, but one is able to note to a con- 
siderable degree the varying effects that 
they have had at different age levels. It is 
difficult to secure long range figures in the 
United States, but fortunately a few figures 
of Boston give some slight but impressive 
information concerning the average death 
rates from 1830 to 1930.* (Table 1.) 


TABLE I 

AVERAGE DEATH RATES IN BOSTON 1830-1930 

Average Death Rate 
Age Period 

1826-1835 | 1929-1931 

64.8 25.6 

93.6 


The death rate dropped approximately one 
third at all ages, and one notes especially 
the fall of more than 40 per cent under age 
5, and at 40 to 49 years approximately 
63 per cent, with a tendency to increase 
only above age 70. It is impossible to 
compare the causes of death of these two 
periods because of the differences in 
nomenclature and the altered adequacy of 
diagnosis incidental to advances in medical 
knowledge, including, of course, a greater 
familiarity with microscopic techniques. 

Topographic variations in death rates 
are notable with the lower rate in the 
Mississippi Valley south from the Dakotas, 
and the higher mortality rates on the 
Eastern coast with its industrial centers. 
There are also differences due to population 
characteristics of age, sex, marital status, 
prevalent nationalities, economic forces 
and recency of settlement, etc., which enter 
into all tables of mortality. 


Farr has stated: ‘“‘There is relation 


betwixt death and sickness; and to every 
death from every cause, there is an average 
number of attacks of sickness, and a 
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specific number of persons incapacitated 
for work.” I am not concerned for the 
present with the ratio between death and 
specific sickness, but recognize that a 
higher fatality rate does not necessarily 
bear a continuing direct ratio to the 
incidence rate. Thus certain diseases in one 
epidemic have a high mortality rate, and in 
another a low one, as has been amply 
demonstrated in epidemics of infantile 
paralysis and encephalitis, scarlet fever and 
diphtheria. I desire to present here prima- 
rily an analysis of death. It is difficult to 
select a figure that will adequately make 
evident the marked hazards from various 
disease for different age groups. 

If one takes the deaths in the city of 
New York‘ one finds that the average 
number of deaths from 1900 to 1909 was 
73,190, with a rate of 18.32, while in 1929 
the total number of deaths was 77,482, and 
the rate was 11.34. If one considers only the 
absolute number of deaths one notes a 
slight increase, although the death rates 
reveal a remarkable fall. The actual differ- 
ences are not made clear because the 
population figures are not given. The ratio 
of total deaths is 1 to 1.06, indicating that 
the absolute increase of deaths is exceed- 
ingly small; the ratio of death rates, show- 
ing a marked decrease, is 1 to 0.62. These 
figures demonstrate at once, and sharply, 
the ratio differences. 

It is necessary to sense our achievements 
and accomplishments in affecting mortal- 
ity, not in blanket rates, but in relative 
rates at varying ages, and in terms of the 
relation of these population groups at the 
varying ages to their own increase or 
decrease as well as in terms of their relation 
to the total population increase. It is a 
significant fact that the percentage of the 
United States population in the Death 
Registration Area rose from 41 per cent in 
1908 to 97 per cent in 1929, while the death 
rate in the Death Registration Area during 
these years fell from 14 to 12. Perhaps it 
would be more expressive to show the 
relations between population increase and 
absolute mortalities than merely to dwell in 
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terms of mortality rates which do not indi- 
cate exactly what has occurred. 

Life expectancy during the Middle Ages 
approximated 21 years; in the United 
States in 1915 it was 48 years, in 1925, 
5 years, in 1926, 57.74 years, and it has 
since increased to 60 years. These figures 
arose from an alteration in the incidence of 
diseases as well as their fatality rates and 
bear witness to the fact that the greatest 
improvements have attended the early 
years of life. Admittedly a change in any 
death rate, taken as a criterion of social 
improvement, carries with it many im- 
plications. Thus it suggests changes in 
nomenclature, alterations in diagnosis, 
increased knowledge concerning the nature 
of morbidity and heightened therapeutic 
skill, etc. On the other hand, it may indi- 
cate variations in susceptibility to specific 
illnesses or, indeed, variations in the num- 
bers of people in various age groups exposed 
to or afflicted by the specific disease. 

It is patent that gross measures of 
mortality at all ages cover up the rise or 
fall in the mortality at any special age 
level. Thus, the average aggregate number 
of deaths from a specific disease covers up 
the number which occur at any particular 
age, just as a total mortality rate gives no 
information concerning the mortality rate 
from individual diseases. There might be a 
falling gross mortality rate, with a definite 
increase in the mortality for some particu- 
lar age periods. There may be falling gross 
mortality rates from various diseases 
which, nonetheless, include an increase of 
their mortality rates during later decades of 
life. It is apparent that with the case 
incidence and fatality rates constant, the 
number of people dying from any one 
disease would vary directly with the 
population. But neither the incidence rate, 
the fatality rate nor the population are 
constant. Hence it becomes helpful to 
contrast the ratio of the total population or 
a specific age population with the ratio of 
the number of absolute deaths during any 
two periods of time. I shall illustrate this 
without reference to specific diseases. 
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Dr. Walter F. Willcox® shows the age 
distribution of deaths in the Death Regis- 
tration section of the United States for 
1900 and 1930. The deaths per 100,000 
population for varying age groups are 
indicated in Table 11. 


TABLE II 
DEATHS PER 100,000 POPULATION 

1900 1930 
20 ,793 9,275 


This tabulation gives a sense of values 
and shows the decrease under one year and 
the increase above age 45 years, but 
the decrease is illustrated far better by the 
following table of ratios, which, on the 
basis of employing the 1goo figures show 
the ratios to 1930 data to be as follows: 


Under 1 year = 1 to 0.45 
5- 9 years = I t0 0.57 
25-29 years = I to 0.62 
45-49 years = I to 1.39 
75-79 years = I to 1.83 


This presents more adequately the 
definite rise above age 45 years, and the 
marked decrease under age 10, which 
would be swallowed up in the figures for 
the general mortality rate. These ratios, 
however, refer only to death rates and do 
not show the relation of these rates or 
ratios to the actual populations of the age 
groups thus enumerated, any more than 
they suggest the diseases responsible for 
the gross figures. 

The marked changes in death rates for 
specific diseases are illustrated, for ex- 
ample, by data from New York State. It is 
clear that the differential mortality rates 
are wholly concealed in total death rates of 
the two years compared. (Table 111.) 

Herein it is evident that during the 
twenty-one year period prior to the depres- 
sion era there had been a modification in 
the mortality from many diseases. The 
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TABLE III 
DEATH AND DEATH RATES, NEW YORK STATE® 

Diseases 1908 | 1929 
Typhoid and paratyphoid........... 15.6 3 
Pulmonary tuberculosis............. 164.1 68.5 
Cerebral hemorrhage, embolism, 

Diseases of the heart............... 164.0 | 293.3 
Diseases of arteries................. 24.1 53.1 
169.2 | 124.1 
Diarrhea and enteritis under 2 years..| 23.8 3.5 
Acute and chronic nephritis......... 112.6 | 76.2 
Accidents and other violence........ 79.4 | 81.2 


three leading causes of death for 1908 were 
pneumonia, pulmonary tuberculosis, and 
diseases of the heart, whereas in 1929 
diseases of the heart led, followed by 
pneumonia and cancer. The falling off 
of typhoid, paratyphoid, diphtheria and 
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others suggests the existence of some mixed 
factors which call for investigation. Thus 
in New York State, in 1932, the total 
number of deaths was 146, 639. The first 
three months in order of fatality signifi- 
cance were March 16, 202; December 14, 
075; and April 13, 717. If one plots the 
various diseases in terms of their fatality 
prevalence in any one month, one finds that 
March is attended by the highest mortality 
rate for pulmonary tuberculosis, diabetes, 
diseases of the heart, total pneumonia, 
appendicitis, hernia and intestinal obstruc- 
tion. This is an unusual mixture of fatal 
conditions. The month of December was 
the month of maximum deaths from cancer, 
cerebral hemorrhage, embolism and throm- 
bosis. April was not a month of maximum 
deaths from any disease. February and 
July lacked superiority in any fatality. 
Perhaps it would also be of advantage to 
observe these various diseases in the 
descending mensal order of their fatality— 


TABLE IV 
Diseases Jan. | Feb. | Mar.| Apr. | May | June| July | Aug. | Sept.) Oct. | Nov. | Dec. 

Typhoid, paratyphoid.............. I 3 2 
Pulmonary tuberculosis and acute 

miliary tuberculosis............... I 3 2 
Cerebral hemorrhage, embolism, | 

Diarrhea and enteritis under 2 years..| .. on ‘is 3 56 I 2 
Hernia and intestinal obstruction....| 2 BY 1 he 3 
3 I 2 
Automobile accidents............... 2 I 2 


tuberculosis is no more striking than the 
increase in diabetes, diseases of the arteries 
and appendicitis.’ 

Analyzing the mortality rates in terms of 
months reveals some rather significant 
data. The general population does not alter 
much during the months nor are there 
notable age variations, and yet the fact 
that some diseases are far more costly in 
human lives during some months than in 


as typhoid and paratyphoid in August, 
October, September. (Table tv.) 

It is worthwhile noting that while these 
figures indicate very definitely that the 
month of March is the most hazardous 
month in the year so far as fatality from 
these particular diseases is concerned, 
there are some diseases which had their 
highest mortality in May, August, Septem- 
ber, October and December. It is important 
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to note that while these diseases have been 
rated as first, second and third in series, for 
some diseases there was comparatively 
little absolute variation. Typhoid fever, for 
example, ranged during the months only 
from 3 to 23; tuberculosis from 523 to 734; 
cancer from 1,256 to 1,450; diabetes from 
244 to 397; cerebral hemorrhage, embolism 
and thrombosis from 457 to 683, the varia- 
tion among the three highest months being 
only from 637 to 683; diseases of the heart 
from 2,459 to 4,239; pneumonia from 435 
to 2,317; diarrhea and enteritis under 2 
years, from 50 to 101; appendicitis from 122 
to 202, the first three places varying only 
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which demonstrates another set of facts for 
the country as a whole. Thus the figures 1, 
2 and 3 indicate the months of greatest 
mortality significance and 10, 11 and 12, 
the months of lowest mortality, not in 
terms of rates but in terms of absolute 
mortality figures during the year. This 
chart indicates that for the country as a 
whole during 1929 the month of January 
was far more fatal than any other month 
during the year. Thus the environmental 
factors of the New York State in 1932 find 
no implication of a duplication throughout 
the United States during 1929. It is rather 
significant that the month of May is the 


TABLE V 
Disease Jan. | Feb. | Mar.| Apr. | May | June! July | Aug. | Sept. Oct. | Nov.| Dec. 

All diseases in the Registration Area..| 1 3 2 10 | II 12 
Typhoid, paratyphoid.............. 10 | II 12 3 I 2 
10 12 II I 2 3 
Pulmonary tuberculosis............. I 2 3 12 | 10 | II 
I 3 II 10 | 12 2 
Lethargic encaphalitis...............| 1 2 3 II 10 12 2 
Cerebral hemorrhage and softening...) 1 3 10 | II 12 3 
Other diseases of the heart.......... I 2 10 | II 12 
Bronchopneumonia................. I 2 3 12 | 11 10 
I 2 3 10 
Whooping cough................... I 3 2 10 12 II 
I 2 3 II 12 | 10 
Diarrhea and enteritis under 2 years. .| 11 12 3 2 I i bg 10 
Diarrhea and enteritis 2 years and 

Automobile accidents...............| II 12 | 10 . I 2 3 


from 183 to 202. Hernia and intestinal 
obstruction varied from 81 to 131, the 
highest three months varying from 111 to 
131; premature Births from 217 to 297, the 
highest three months varying from 273 to 
297; automobile accidents from 194 to 284. 
Thus it appears that for certain diseases 
the death distribution through the months 
of the year 1932 was very nearly equal, 
indicating that the environmental factor 
probably was reasonably constant. These 
figures relate only to New York State for 
the one year. 

I now offer a slightly different set of 
diseases (Table v) for the Registration 
Area of the United States for the year 1929, 


only month without an allocation of a 
disease in the category of the very severe 
or of the very light fatality rates. 

If these figures were broken down into 
the absolute number of deaths from the 
specific diseases occurring in different 
topographic areas there would be definite 
variations of mensal distributions because 
of climatic differences and differential 
social phenomena. 

Types of lethal diseases may be classified 
as organic and functional. Among the 
organic are those whose origins are: (a) 
infectious; (b) metabolic; (c) traumatic; 
(d) neoplastic; (e) congenital, hereditary 
and acquired; (f) toxemic. 
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The prevalence of deaths from infectious 
diseases such as typhoid and malaria is 
more dependent upon social factors than 
that of deaths from measles and scarlet 
fever, while those from tuberculosis, 
gonorrhea and syphilis are bound up in 
personal and social relationships. 

The metabolic mortality is related mainly 
to nutritional problems, save as some are 
caught up in endocrine diseases. The 
traumatic group includes deaths from 
accidental slipping, which may be deemed 
personal, as well as from accidents inci- 
dental to automobiles and other transporta- 
tional facilities, which involve personal and 
social relations. So also the deaths arising 
out of war or some phases of surgery 
certainly appear to have more social than 
personal origins. The neoplastic group for 
the most part may be considered as growing 
from personal rather than social factors, so 
far as we know at the present time, despite 
the suggested high incidence of neoplasms 
among chimney sweeps, etc. The congenital 
acquired disorders, so far as they are due to 
birth injuries may be said to be in part 
social, though the majority of congenital 
causes of death involving hereditary factors 
can scarcely be classified as either personal 
or social. Toxemic diseases vary from those 
which are due to industrial poisonings, 
which largely have their origin in social 
inadequacy, to deaths from alcohol in 
which the personal factor is primary, 
although, of course, alcoholism has its 
social aspects. 

The functional diseases such as neurosis 
and psychosis, though not regarded as 
direct causes of death, save suicide, are 
related to some other diseases of real 
organic quality such as gastric and duo- 
denal ulcers, and even indeed, to some 
arteriosclerotic changes, to which I shall 


refer later. Possibly I should include a 
separate category of degenerative diseases, 
which are thoroughly bound up in personal 
and social factors, and which affect the 
basic systems of man’s organization, such 
as the heart, the blood vessels and the 
kidneys. The diseases of the cardiovascular- 
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renal systems represent in large measure 
the personal reactions of the individual to 
social living. They appear to be a con- 
sequential expression of man’s natural 
deterioration to the final lesion causing 
death, for the fact remains that death 
constitutes a part as well as the end of life. 

I have already implied that many dis- 
eases have changed in their characteristics, 
Yellow fever is obsolescent; malaria has 
diminished; tuberculosis has decreased ex- 
tensively especially in this country; diph- 
theria is controllable; typhoid fever has 
almost disappeared; summer diarrheas are 
largely traditions. Qualitative changes have 
appeared in connection with measles, 
scarlet fever and possibly whooping cough, 
incidental to factors related to some 
diminished virulence of the infective organ- 
ism or virus or to a heightened immunity 
on the part of a younger generation. On the 
other hand certain diseases are increasing, 
such as lethargic encephalitis, poliomyeli- 
tis, diabetes, appendicitis, biliary calculus, 
and the like, in addition to many new 
forms of poisonings incidental to advanc- 
ing industrial development. Hence, while 
plumbism and phossy jaw have disap- 
peared, the incidence of radium poisoning, 
silicosis, benzol poisoning and the like, has 
increased. 

Mortality as well as morbidity merits 
consideration as a reaction to living. 
Perhaps the age distribution of mortality 
suggests the resistance coefficients of differ- 
ent systems of the organism at different 
periods of life. The prolongation of life 
depends upon a harmonious interaction of 
organ systems and the resistance capacities 
of the organism as a whole. Certainly 
longevity, while it may contain a very 
definite factor from inheritance, also in- 
volves numerous elements bound up in 
what may be termed the art of active liv- 
ing. To live to a ripe old age certainly 
indicates an organic capacity for adapta- 
tion to the stresses of the life to which the 
individual was subjected. Noting the main 
causes of death which are still increasing in 
their ratio at ages 75 to 79, it follows that 
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in order to achieve a ripe old age, one must 
escape not only mortality in infancy, 
childhood and active maturity but such 
special ailments of middle age as appendici- 
tis, diabetes, intestinal obstruction, biliary 
calculus and gastric ulcer. Deaths such as 
those due to cancer and angina pectoris 
have less significance upon the extension of 
life than the ability to escape death from 
an automobile injury. It is strikingly true 
that the most significant factors in promot- 
ing longevity are bound up with the welfare 
of the gastrointestinal and the circulatory 
systems. 

In ordinary discussions of the prolonga- 
tion of average life, a tremendous amount 
of emphasis is bestowed upon heredity, 
racial characteristics, diet and national 
tastes, habits of work and play, climate, 
economics, social position and vocational 
status, as well as exposure to specific forms 
of disease. When, however, mortality rates 
are consulted, it is more or less surprising 
to find that the most significant causes of 
death reveal little direct relation to any of 
these items, at least not upon superficial 
examination. The increasing ratios of some 
of the diseases cannot be analyzed in terms 
of all of these potential factors. It is 
challenging to find the large amount of 
mortality due to diarrhea, gastric ulcer, 
appendicitis and diseases of the gall- 
bladder, as representative of the maladjust- 
ments of the gastrointestinal system. 
Questions arise from the fact that an 
organic disease of the heart, such as endo- 
carditis, which apparently has diminished 
in rate among children and adults up to 45, 
is increasing at the later ages. Thus, 
endocarditis had risen as cause of death 
from third place in 1900 to first place in 
1935. 

_The pneumonias among the respiratory 
diseases are important lethal agents, but 
far more significant is the fact that tuber- 
culosis fell from first rank in 1900 to the 
sixth rank in 1929. The diseases of the 
excretory system are by no means as 
prominent as they were, while the neuro- 
logic disorders, although tremendously 


Wile—Ebb & Flow of Death 


American Journal of Surgery 241 
effective in disorganizing living, seemingly 
play but a small part in the general scheme 
of the direct causes of death. Functional 
disorders and organic diseases of neurologic 
significance are credited with limited seri- 
ous responsibility for fatality, except as 
encephalitis and poliomyelitis in epidemic 
form take their toll. Even in old age, while 
neurologic and psychiatric disorders may 
be active accompaniments, they are not 
primarily registered as significant causes of 
mortality. 

Raymond Pearl regards old age as being 
more dependent upon an inherited factor 
than upon any elements derived from the 
environment. While this may be true, the 
evidence for it is by no means certain. 
The inheritance element depends upon its 
social struggle. No one can question the fact 
that social organization has set up environ- 
mental conditions predisposing to survival 
through the control of water supplies, food 
supplies, food handlers; through the devel- 
opment of efficient health departments, 
with greater attention to prophylaxis and 
improved conditions of housing; through 
public provision for moculations and vac- 
cines; through great advances in education 
in personal hygiene, in dietetics, in child 
welfare, etc. It cannot be gainsaid that the 
limitation of typhoid and paratyphoid and 
typhus fevers, the control of diphtheria, 
yellow fever, bubonic plague and malaria, 
and the decrease of infant mortality have 
not been primarily dependent upon per- 
sonal effort or personal inheritances. The 
most definite and effective reductions in 
mortality have been attained through 
social organization and the codperative 
efforts of private agencies and_ public 
Departments of Health, Education, Sanita- 
tion, and the like, whether at the federal, 
state, municipal or county level. 

It is quite evident that the level of 
personal hygiene in this country is proba- 
bly higher than in most parts of the world, 
considering all levels of population. This 
does not mean that there is not ample 
reason for providing opportunities for 
better personal hygiene, because personal 
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hygiene of the highest type such as depend 
upon bathing, garbage and sewage disposal, 
adequate sunlight and fresh air, can be 
accomplished only in the light of social 
provisions. It is evident that heightened 
social efforts to promote healthful habits 
of living have involved a greater appreci- 
ation of foods, food constituents and food 
values, the promotion of sane eating habits; 
the development of recreational programs 
along with the establishment of adequate 
hours of rest; the recognition and removal 
of vocational hazards; a willingness to 
undertake certain personal and group re- 
sponsibilities for protection against indus- 
trial disease and accidents; and indeed, 
even a greater appreciation of the value of 
mental hygiene in terms of diversion, 
occupation and the promotion of ego 
values. 

This increased personal hygiene has 
played its part in the general welfare of 
people. The question arises, however, as to 
the extent to which this personal hygiene 
has been effective in diminishing mortality 
rates from causes which would appear to 
have some direct relation to the indi- 
vidual’s mode of life. This question will 
receive definite consideration when I dis- 
cuss specific diseases taking their toll from 
various age groups. It is obvious, however, 
that instruction in personal hygiene is less 
effective than the social application of a 
principle that compels personal hygiene 
without choice. If all milk is pasteurized 
by legal demand, the hazard of milk- 
borne diseases almost disappears, while the 
personal knowledge of the value of pas- 
teurization may be disregarded in actual 
living. Personal hygiene should be a natural 
by-product of socialized living. 

The rise and fall of mortality rates has 
its greatest significance in terms of the 
total population of specific groups. It is 
especially important to note the rise and 
fall of mortality rates with relation to the 
rise and fall of population groups at special 
ages. If, during some unit of time, the total 
population of any age group doubled and 
the total number of deaths doubled, the 
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gross change would be the same but the 
nature of the combination of diseases 
entering into the total deaths would be 
concealed. If one notes the total deaths 
from any single disease, and plots their 
rise or fall with reference to the total popu- 
lation for any time sequences, it is possible 
to observe any marked variations that 
may occur. This becomes more valuable if 
the figures for the disease are compared 
with the numbers of people included in 
different age groups. It is obvious, there- 
fore, that a study of the changes in the 
mortality rates at varying ages offers a 
sensitive approach to the consideration of 
dominant disease factors, since it demon- 
strates what has actually happened at 
particular age sections along the general 
highway of life. The information thus made 
available is superior to that derived from a 
consideration of the total mortality, or a 
disease rate, which, because it covers up 
internal variations, is not a refined index 
of how any specific disease affects our 
population. 

Admittedly, an increasing population 
would serve as one explanation for a rise 
in the gross mortality from certain diseases, 
but this does not explain a rise in the 
mortality rates. Thus, an increased number 
of deaths at all ages from appendicitis, is 
understandable without increase in popu- 
lation, but not the higher mortality rate 
from appendicitis. 

I shall present some problems of mor- 
tality which appear to indicate that the 
greatest drop in mortality rates has oc- 
curred where social action has been most 
effective, and that equal accomplishments 
have not been secured in a large number of 
diseases where cure has depended upon 
personally controlled living. Several death 
causes, now rising disproportionately to 
the increase of the population, generally, 
and in terms of specific age groups, should 
perhaps be placed in the category of dis- 
eases of concern from the standpoint of 
public health. Cannot special action post- 
pone many deaths now apparently inevita- 
ble, at ages far too young? 
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In an analysis of this problem, I have 
employed the United States population 
figures 1910 and 1930, even though I 
shall discuss deaths for the years 1908 and 
1929. By rejecting the years from 1930 to 
1936, I escape the questions raised by 
the unusual economic forces of the depres- 
sion. All data concerning population at the 
various ages have been secured directly 
from the United States Bureau of Census. 
I have not employed the comparative 
figures because, in 1910 only twenty-one 
states and the District of Columbia were 
listed therein, whereas in 1930 all states 
were included, except Texas and South 
Dakota. I cannot use the figures for the 
Birth Registration Area as this was not 
established until 1915, and there were 
practically no figures for 1910. It therefore 
seems more reasonable to employ the 
figures for the United States census as a 
whole. The value becomes more obvious, 
if one considers the total population. For 
example, in 1908, the total population in 
the Death Registration Area was 46,790,- 
000, which constituted 52.5 per cent of the 
total United States population. The death 
rates in that area for the year 1908 was 
14.8 per cent. In 1929, the population in 
the Death Registration Area was 116,310,- 
000, approximately 95.7 per cent of the 
total United States population, and in this 
area the death rate was 11.9 per cent. The 
total deaths in 1908 were 691,574; in 1929 
they had risen to 1,378,675. It is patent 
that while the death rate dropped from 
14.8 per cent to 11.9 per cent (ratio 1 to 
0.80) the actual number of deaths rose in 
the ratio of 1 to 2, while the population 
ratio had risen to 1 to 2.5. The relation of 
the total death ratio to the population 
ratio gives a clearer picture of what hap- 
pened than the death rates or their ratio. 
I have completely ignored the change in 
the urban-rural percentages in the United 
States, which underwent marked changes 
between 1908 and 19209. 

It appeared wise to choose for special 
consideration certain age periods which 
have definite influence in our general wel- 
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fare. Hence, I have selected deaths under 
I year (prenatal, natal and infancy); 
deaths 5 to g years (childhood), 25 to 29 
years (maturity); 45 to 49 years (middle 
age); 75 to 79 years (old age). I have 
utilized the absolute figures and have 
established various ratios of the total num- 
ber of deaths from specific causes in 1929 
with relation to 1908 as a base; also as the 
occasion required, I have set forth the 
various population ratios for purpose of 
comparison. By employing this system of 
ratios one at once is enabled to note which 
particular diseases have increased above 
the general increase for any or all age 
levels; whether the increase or decrease of 
mortality deviates from the population 
increase or decrease of any age group; and 
which diseases in terms of absolute num- 
bers dying show a differential mortality at 
specific age levels as opposed to the total 
number at all ages. (Table v1.) 


TABLE VI 
RATIOS 1908-1929 
Under| 5-9 | 25-29 | 45-490 | 75-79 

Deaths 1 Year| Years| Years} Years | Years 
Malformations........... 
Congenital heart disease. .|1:1.65 
Disease of digestive system |1:2.4 | 1:2 121.8 
Accidental gunshot.......]...... 
Lethargic encaphalitis....}...... 1:2.4| 1:9.8)1:4.6 
Automobile accidents.....]...... 1:45 | 1:92 |1:83.5|1:90.5 
Intestinal obstruction...../......| 


Table vi presents the ratios for the 
twenty-one year period from 1908 to 1929. 
It indicates that the total number of 
deaths under one year of age had risen 
only slightly, 1.e., in the ratio of 1 to 1.07, 
while certain definite conditions revealed 
mortality ratios excessive in comparison 
with this ratio. Malformations, for exam- 
ple, were above the total ratio levels for the 
age period, as were deaths from congenital 
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heart disease. Most noticeable, however, 
are the heightened ratios of deaths from 
diseases of the digestive system, appen- 
dicitis, diabetes and even cancer. 

I am offering ratios and it matters little 
that the absolute figures for these various 
diseases may have varied from units to a 
hundred thousand; the ratios carry a con- 
stant value. Thus, if there had been five 
deaths from a particular disease in 1908, 
and there were ten deaths in 1929, the ratio 
would be 1 to 2, just as would be the case 
if there had been ten thousand dying in 
1908 and twenty thousand in 1929. The 
emphasis rests upon the ratio of absolute 
numbers rather than in terms of specific 
mortality rates. Table v1, therefore, demon- 
strates the actual relative increase of each 
listed disease, without reference to popula- 
tion rates or ratios. It shows that there was 
a marked increase in the total number of 
deaths at ages 45 to 49 and 75 to 79. Fur- 
ther, it makes clear that even within these 
age groups there are certain specific dis- 
eases which stand out markedly with ratios 
of mortality far above the average mor- 
tality ratio for the age group. I shall make 
the meaning of this more apparent by a 
contrast between the special disease ratios 
and the population ratios, as well as the 
total death ratios for these age periods. 

For the moment it suffices to call atten- 
tion to the fact that appendicitis and 
diabetes are responsible for higher ratios 
of death than those representing total 
deaths for each one of the five periods 
under consideration, while deaths from 
automobiles are responsible for greatly 
increasing mortality ratios in all groups 
save the first. Even more thought must 
be given to such outstanding rises in 
mortality ratios as are presented by biliary 
calculus, gastric ulcer and intestinal ob- 
struction, especially since these appear 
to be as significant in the age group 25 to 
29 years as the ratios of death from diseases 
of the circulatory system or angina pectoris. 

While some diseases show up especially 
in the mortality of special age groups, a 
few diseases markedly evidence an in- 
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creased mortality throughout the whole 
range of life from infancy to old age. 
Appendicitis, diabetes and cancer are out- 
standing, as are biliary calculus, gastric 
ulcer, diseases of the circulatory system 
and angina pectoris, whose havoc becomes 
manifest from the age of maturity onward 
through old age. While ratios of deaths 
from automobiles cover all periods save 
the first, the tremendous increase of the 
figures is due mainly to the fact that 
automobiles were less prevalent in 1908 
than in 1929 and hence the possible 
exposure to this cause of death was much 
less. 

The chart as a whole, clearly reveals 
some trends of mortality above those 
implied in the general mortality trends of 
the age. This is perhaps more evident in 
Table vir which, however, is based only 
upon the deaths of New York City males 
for a three year average and reflects the 
percentage of mortality taken by various 
diseases at each age. This table shows that 
pneumonia as a single cause is highly oper- 
ative at each age level. It gives, however, 
no indication as to whether the pneu- 
monia fatality or any other mortality is 
higher than the general mortality level of 
all diseases for the age period. It indicates 
the five chief causes of death in certain 
large age groups based upon the average 
number of deaths of males per year in 
New York City, 1932-1933-1934. The 
chart shows the percentage of total deaths 
in each one of the age groups, stressing 
only the frve main causes of death.! 

Table vir is wholly inadequate for giving 
the type of information available in Table 
VI, as it affords no evidence of the dynamics 
of a disease in terms of its rise or fall with 
relation to the general mortality ratio 
at any age, or with relation to the popula- 
tion changes or aught else. 

It is generally stated that infant mortal- 


ity rates have greatly diminished, but cer- 


tainly Table vi indicates that some marked 
problems in infant mortality continue to 
demand attention. A rising mortality at 
later ages is to be expected, but as will be 
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TABLE VII 


NEW YORK CITY MALES 1932-1933-1934: PERCENTAGES 
OF TOTAL DEATHS 


65 
Under} 5-8 | 25-29] 45-54] Years 
1 Year| Years} Years| Years} and 
Over 

Premature births......... 28 
Malformations and debility} 10 
Other diseases of early 

PHEUMIONIA.... 21 II 9 9 8 
All other causes.......... 16 40 35 35 19 
Heart disease............ 9 
Ear and mastoid......... ae 7 
Circulatory diseases...... II 31 49 
Puerperal diseases (for 

female group).......... ate as 15 


found later,-the rises in mortality are not 
dependent wholly upon increases in popu- 
lation. It is helpful to consider the general 
mortality ratios of different age groups 
during 1908 and 1929 and then to deter- 
mine which disease ratios rose above them, 
recognizing, of course, that the total ratios 
as averages are affected by the fact that 
some disease ratios are high and others are 
low. The contrast between the average 
mortality ratio and the special higher 
mortality ratios indicates where certain 
problems of public health await solution. 
Admittedly the greatest mortality rate 
should occur above age 60. Under ordinary 
conditions one would expect the deaths of 
the aged to be due largely to such degen- 
erative diseases as arteriosclerosis, chronic 
nephritis, myocarditis, cerebral hemorrhage 
and the like. Table v1, however, indicates 
that certain causes of fatality are operative 
which are not peculiar to old age. These 
have risen disproportionately beyond the 
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actual increase of total deaths to such an 
extent as to indicate that they merit con- 
sideration for reasons not inherent in the 
normal aging processes. 


CONCLUSIONS 


Changes in nomenclature, advances in 
diagnoses, gains in surgical technique 
operate to modify the validity of statis- 
tical statements. Recognizing the weak- 
ness of a statistical presentation there can 
be little question that the morbidity and 
mortality rates of this country are under- 
going marked changes at all age levels. 
There is ample evidence that certain forms 
of disease have increased proportionately 
to population increase or decrease, and that 
a few diseases, particularly those related 
to the gastrointestinal system, show an 
excessive mortality ratio despite our gains 
in medical and surgical therapy. The 
gastrointestinal and the circulatory dis- 
eases, along with cancer and automobile 
accidents, constitute a present day chal- 
lenge which cannot be ignored. The phy- 
sician and surgeon alike are concerned 
with the prevention of unnecessary death 
which means all except those over age 60. 
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of the most difficult of the upper 

abdominal lesions to diagnose, espe- 
cially if not associated with jaundice or a 
palpable tumor mass. From a diagnostic 
standpoint it is therefore fortunate, as 
Clute has pointed out, that most carci- 
nomas of the pancreas occur in the head of 
the organ and, consequently, are associated 
with jaundice. Eusterman and Wilbur, 
however, have found from a review of 403 
proved cases of carcinoma of the pancreas 
that one may anticipate an absence of 
jaundice in more than 20 per cent. 

It is in this latter group of patients that 
the physician’s diagnostic skill is sorely 
tried. Carcinoma of the pancreas should be 
suspected in any individual of middle age 
who complains of a deep-boring upper 
abdominal pain of short duration, relieved 
by bending forward, and associated with a 
rapid loss of weight. Confirmatory evi- 
dence, however, is very sparse. An epigas- 
tric mass is extremely significant but it is 
more often absent than present. Eusterman 
and Wilbur have aptly stated that, in spite 
of the stress that has been placed on the 
presence of glycosuria and steatorrhea in 
the diagnosis of carcinoma of the pancreas, 
these findings are conspicuous by their 
absence. Changes in the pancreatic fer- 
ments are infrequently present, and when 
present are of doubtful value. The same 
may be said of study of the gastric con- 
tents. The procedure that, up to the 
present, has probably been of the greatest 
value in the recognition of carcinoma of the 
pancreas Is roentgenographic study of the 
gastrointestinal tract. While roentgeno- 
grams often suggest involvement of the 
pancreas, more often the diagnosis must 
await exploratory laparotomy. 


eee of the pancreas is one 
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It is, therefore, readily apparent that any 
procedure which might assist in earlier and 
more accurate recognition of such a highly 
fatal disease is worthy of report. It has been 
our good fortune to find gastroscopy of 
value in the diagnosis of two cases of carci- 
noma of the pancreas in the absence of 
jaundice or of a palpable tumor mass, and 
we feel that this is worthy of report, as it 
may be of value to other observers in 
arriving at an accurate and earlier diagnosis 
of this malignant disease. 

That gastroscopy should, theoretically, 
be a suitable procedure as a diagnostic aid 
would seem apparent from a review of the 
anatomic relationship of the pancreas to 
the stomach. The anterior surface of the 
body of the pancreas forms a considerable 
portion of the bed of the stomach. Theo- 
retically, any involvement of this portion of 
the pancreas should cause a change in 
contour of the adjacent stomach wall which 
should be recognized gastroscopically and 
lead to a correct diagnosis. (Fig. 1.) That 
this does occur is seen from the two follow- 
ing case reports. 


Case 1. A man 56 years of age first came 
under our observation at The Mayo Clinic in 
June, 1937 because of attacks of pain in 
various joints of his body. These attacks had 
been present in cycles during the preceding 
thirty years. A diagnosis of gout and obesity 
was made, the patient was placed on a purine- 
free diet and cinchophen was administered. 
He made definite improvement and was per- 
mitted to return home. He did very well on 
this regimen except for one severe attack of 
gout. In October, 1937, while away from home 
on a business trip and under considerable nerv- 
ous strain, he took cinchophen one night with- 
out water. He awoke the following morning 
with a dull pain in the epigastrium, which was 
ascribed to the cinchophen. The pain con- 
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tinued, gradually becoming more severe and 
constant, so that he was unable to work or rest. 
Two weeks later the pain began to extend into 


superior mesenteric 


vessels 
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and that of blood uric acid was 5.2 mg. per 
100 c.c. Examination of the stools for occult 


blood and fat gave negative results. Studies of 


of 
ye 


Fic. 1. Diagram showing relation of pancreas to stomach. 


the right renal region. There was no associated 
nausea, vomiting, or urinary symptoms. His 
appetite rapidly failed and there was a marked 
loss of weight. There were no _ tar-colored 
stools. The patient obtained relief by assuming 
a sitting position. 

He returned to The Mayo Clinic on Novem- 
ber 11, 1937 for further examination, just a 
month following the onset of his pain in the 
epigastrium. Physical examination revealed 
that he was well developed and well nourished 
but obviously he had lost considerable weight. 
The only physical finding of any significance 
was tenderness in the epigastric region; no 
tumor mass was palpable. Laboratory studies 
revealed the following results: 

The concentration of hemoglobin was 14.1 
Gm. per 100 c.c. of blood, and there were 
4,530,000 erythrocytes and 5,800 leucocytes to 
the cubic millimeter of blood. The Wassermann 
reaction of the blood was negative, as were the 
results of the urine examination. The sedimen- 
tation rate was 32 mm. per hour. The concen- 
tration of blood sugar was 87 mg. per 100 c.c., 


the liver function, gastric contents, amylase 
and lipase in the serum failed to reveal any- 
thing of importance. Roentgenographic studies 
of the kidneys, ureters, urinary bladder, 
stomach, and colon gave essentially negative 
results. A roentgenogram of the small bowel 
was not satisfactory. Roentgenographic exam- 
ination revealed a poorly functioning gall- 
bladder. This, however, did not seem adequate 
to account for the patient’s symptoms. Intra- 
venous urograms, as well as cystoscopic studies, 
were made to rule out the kidney as a possible 
source of difficulty, but these all gave negative 
results. 

The patient’s pain became progressively 
worse and it became necessary to resort to 
morphine for its control. A neurologic examina- 
tion failed to reveal anything of diagnostic 
importance. 

The severity of the epigastric pain, its recent 
onset in a man of 56 years of age, and the 
progressive loss of weight and strength, to- 
gether with the absence of demonstrable lesions 
of the upper urinary and digestive tracts and of 
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the central nervous system, comprised a com- 
bination of findings pointing with a fair degree 
of certainty to the pancreas as the seat of a 


Fic. 2. Gastroscopic appearance of 
bulging of mucosa produced by 
pancreatic tumor. 


neoplastic growth. There was little, however, 
from the physical or laboratory side to confirm 
such a diagnosis. 

With this information at hand, the patient 
was examined with a gastroscope on November 
24, 1937 and the following conditions were 
observed (Fig. 2): On the posterior wall of the 
stomach, above the angle, there was a bulging 
forward of the mucosa into the Iumen of the 
stomach which could not be obliterated by 
inflation of the stomach with air. There were 
also stiffening and thickening of the mucosa 
over the region involved. It was uncertain 
whether the tumor mass originated in the 
gastric wall itself or extragastrically, pushing 
the stomach wall forward. It seemed to us, 
however, that the condition was most likely 
a tumor originating in the pancreas. 

With this information, a tentative diagnosis 
of carcinoma of the body of the pancreas was 
made and exploratory laparotomy advised. 
This was performed on December 2, 1937 by 
Dr. Pemberton, who found a mass larger than a 
fist involving the body and the tail of the 
pancreas. It was firm in consistency and nodu- 
lar in character. An aspirating needle was in- 
serted into the mass and a specimen obtained, 
which on microscopic examination was diag- 
nosed as malignant. The gall-bladder was also 
examined and found to be large and flaccid, 
but no stones could be felt. : 

The patient continued to fail and died 
February 3, 1938. The findings at necropsy 
confirmed the diagnosis of carcinoma. 
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Case u. A woman 58 years of age first 
came to the clinic January 3, 1938, complaining 
of indigestion. She stated that she had enjoyed 
good health until three months before. At that 
time she had first noticed a dull, constant, 
aching pain in the lower left anterior portion 
of the chest, which was severe enough to keep 
her awake at night. Six weeks later the pain 
had become intermittent in character and had 
shifted to the midepigastric region. It was 
aggravated by eating and somewhat relieved 
by belching. With the shift in location of the 
pain there was also projection along both costal 
margins and then to the left shoulder blade. 
The patient was frequently awakened at night 
by the pain, and would have to get up and walk 
the floor. There was no nausea or vomiting, 
but there had been a loss of appetite and a 
decrease of 30 pounds (14 kg.) in weight during 
the month preceding our examination. At no 
time were there clay-colored or tar-colored 
stools, chills, fever or jaundice. 

On physical examination the patient was 
found to be well developed, but she had 
obviously lost weight. She weighed 150 pounds 
(68 kg.), as compared with 180 pounds (82 kg.) 
one month previously. The blood pressure was 
122 mm. of mercury systolic and 80 diastolic, 
the pulse rate was 74 per minute, and the 
temperature was 98.4°F. The results of physical 
examination were essentially negative. The 
results of urinalysis, the concentration of hemo- 
globin, erythrocyte and leucocyte counts, and 
the flocculation reaction for syphilis were all 
essentially normal. Gastric analysis failed to 
reveal anything abnormal. Roentgenographic 
studies of the gall-bladder, stomach and colon 
gave negative results. Electrocardiographic 
tracings also were normal. 

Because of the location and character of the 
pain, gastroscopy was advised. This was per- 
formed January 6, 1938, under local anesthesia. 
At the junction of the middle and upper thirds 
of the stomach the posterior wall of the stomach 
was pushed forward and appeared nodular in 
character. The gastric mucosa overlying this 
region seemed infiltrated and it was impossible 
to say whether the condition was a beginning 
infiltration or gastritis. 

Because of these findings and the character 
of the patient’s symptoms, surgical exploration 
was advised; it was carried out on January 15, 
1938 by Dr. Walters. On opening the abdomen, 
a carcinomatous nodule 5 cm. in diameter was 
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found in the lower margin of the left lobe of the 
liver. The primary lesion appeared to rise 
from the tail of the pancreas and was the 
size of a fist. The portion of the stomach in 
contact with the tumor was not involved in the 
malignant process but appeared to be involved 
in gastritis. The patient recovered from the 
exploration but died at home several months 


later. 


It is readily apparent that gastroscopy is 
of value only in the recognition of tumors 
involving that portion of the pancreas that 
comes in contact with the stomach. This, 
however, is precisely the region in the 
pancreas in which it is most difficult to 
arrive at an adequate diagnosis. Whether 
gastroscopy may be of value in the diag- 
nosis of carcinoma involving the head of 
the pancreas is very doubtful, and we have 
had no experience with such lesions gastro- 
scopically. As a rule, however, lesions 
located in that portion of the pancreas give 
rise to jaundice, which attracts attention 
to the correct underlying disease. 

While two cases are hardly sufficient to 
permit one to discuss differential diagnosis, 
there are two conditions seen gastro- 
scopically that might simulate a tumor of 
the pancreas. The first is an exaggerated 
anterior curvature of the lumbar segment 
of the vertebral column, which may cause a 
bulging forward of the posterior wall into 


Moersch, Comfort—Gastroscopy American Journal of Surgery 249 


the [lumen of the stomach. This, however, 
does not produce a nodular type of bulging 
and does not have an associated thickening 
of the overlying gastric mucosa. 

The second condition that may simulate 
carcinoma of the body of the pancreas 
gastroscopically is a cascade type of 
stomach. Here likewise, owing to the sharp 
angulation of the stomach on itself, one 
gets the impression of something bulging 
forward into the lumen. On inflation of the 
stomach with air this bulging tends to 
disappear, which is not true of bulging due 
to an underlying tumor. 

There is no reason, of course, why en- 
larged retroperitoneal glands might not 
give rise to a gastroscopic picture similar to 
that seen in tumor involving the body of 
the pancreas. 

Whether further experience will demon- 
strate that gastroscopy is of greater value 
than other diagnostic procedures in cases of 
carcinoma of the body of the pancreas must 
await further observation and study. 
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EDUNCULATED gastric tumors are 

responsible for some of the most 

interesting symptom complexes en- 
countered in the upper abdomen. These 
lesions are not common, but can by no 
means be considered rare. Consideration 
in differential diagnosis that such a lesion 
may be present, together with the increas- 
ing skill of the radiologist in visualizing 
these tumors, has resulted in remov- 
ing them from the group of pathologic 
curiosities. 


INCIDENCE 


Exact figures on the incidence of pedun- 
culated gastric tumors are difficult to 
obtain. Many isolated reports of such 
lesions, presenting varying types of path- 
ology are to be found in the literature, but 
few have had the privilege of studying any 
sizable group of cases. The incidence of 
gastric tumors which are benign has been 
estimated by several different writers: 
Minnes and Geschickter! 4.5 per cent; 
Eusterman and Senty? 1.3 per cent; 
Douglas* 2.9 per cent. Eusterman and 
Senty, in 1922, reported twenty-seven 
cases of benign gastric tumor observed 
over a fourteen-year period at The Mayo 
Clinic, of which 25 per cent were capable of 
blocking the pyloric outlet. During the 
same period 2,168 patients with gastric 
carcinoma were operated upon, and an 
additional group of 2,285 cases of gastric 
malignancy were denied surgery due to the 
extent of the disease. Balfour and Hender- 
son* have observed fifty-eight cases of 
benign gastric neoplasm, of which 10 per 
cent were sufficiently mobile to produce 
pyloric obstruction. Eliason, Pendergrass 
and Wright,’ in 1926, collected 611 cases of 
benign gastric tumor, of which forty-eight, 


or 7.5 per cent, were pedunculated. These 
authors personally studied a series of fifty 
benign gastric tumors of which ten, or 
20 per cent, were pedunculated. 


ETIOLOGY 


The cause of solitary pedunculated 
gastric tumors remains as obscure as that 
of neoplasms in general. The vast majority, 
however, must take their origin as simple, 
benign, epithelial tumors in the gastric 
mucosa, or as mesothelial tumors in the 
submucosal tissues. With growth and ex- 
tension into the lumen of the stomach the 
expulsive action of the gastric peristalsis 
attempts to extrude them toward the 
pylorus and_results in the development of a 
definite pedicle. Eliason and Wright® sug- 
gest that these new growths take their 
origin in a low grade inflammatory reaction 
in the mucosa resulting from chronic irrita- 
tion. Johnson’ believes that chronic al- 
coholism, chronic gastritis, atheroma of the 
gastric vessels, and conditions leading to 
chronic nutritional disturbances of the 
stomach are responsible. This author feels 
that chronic gastritis is probably the most 
common etiologic factor, resulting in hy- 
pertrophic thickening and lobulated swell- 
ing of the gastric mucosa, which leads to 
the development of the polypoid forma- 
tion. The common association of an 
achlorhydria, together with the relatively 
high incidence of gastric polyps in proved 
cases of primary pernicious anemia coming 
to post-mortem, would tend to support this 
suggestion. 

In the instance of diffuse gastric poly- 
posis or adenopapillomatosis gastrica, it Is 
possible that other factors play a part. 
Brunn and Pearl® suggest that this con- 
dition may arise either on a congenital or a 
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familial basis, due to fetal epithelial 
anlage plus chronic inflammation, or simply 
as a result of prolonged chronic inflamma- 
tion of the gastric mucosa. 


PATHOLOGY 


From a gross pathologic standpoint 
pedunculated lesions of the stomach may 
be classified under four major headings: 
(1) solitary benign gastric tumors which, 
as a result of growth and gastric motility, 
develop pedicles; (2) malignant pedun- 
culated gastric tumors, usually represent- 
ing carcinomatous degeneration of a 
preéxisting benign polyp or adenoma; (3) 
diffuse gastric polyposis, adenopapilloma- 
tosis gastrica, or gastritis polyposa ; and (4) 
prolapsing prepyloric gastric mucosa. 

Solitary benign gastric new growths may 
appear as myomata, papillomata, polypi, 
myxomata, adenomata, cysts, lipomata or 
fibromata. Minnes and Geschickter have 
divided all benign gastric tumors into four 
groups according to the tissue from which 
they take their origin: epithelial, mesen- 
chymal, endothelial, and a mixed group 
including cysts. In a series of 931 collected 
cases they found that the epithelial tumors 
comprised 35.2 per cent, the mesenchymal 
tumors 64.9 per cent, and the other two 
groups 10 per cent. Eliason and Wright® 
found that in their series of fifty cases, 
papillomata and polypi represented 64 per 
cent of the group, with adenomata next in 
frequency (10 per cent). Balfour and 
Henderson report that 24 per cent of their 
group of fifty-eight benign gastric tumors 
were fibro-adenomatous polypi, and 40 per 
cent were fibromata, myomata and myo- 
fibromata. In Eusterman and Senty’s 
series of twenty-seven benign gastric tu- 
mors, myomata were the most common 
(38 per cent), with fibromata and polypi 
next in order (30 per cent). 

The striking frequency with which these 
solitary benign gastric lesions are found in 
cases diagnosed as typical primary perni- 
clous anemia is worthy of note. Brown,’ ina 
series of 151 cases of primary pernicious 
anemia studied at post-mortem, found 
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gross lesions in the gastrointestinal tract in 
eighty-two. There were thirteen benign 
tumors in this series, twelve in the stomach 
and one in the jejunum. Four of these were 
myomas, eight were epithelial polyps and 
one was a mixed tumor. 

These benign tumors of the stomach may 
vary in size from a few millimeters up to 
rather massive dimensions. Bland-Sutton” 
reports a myoma weighing 7 pounds. 

Gastric fibromata, adenomata and sim- 
ple polypi tend more commonly to arise 
in the body and pyloric end of the stomach. 
They are usually found to take their 
attachment from the anterior or posterior 
surfaces of the stomach and more rarely 
from the curvatures. With continued 
growth they project into the gastric lumen 
and tend to develop their pedicles as a 
result of peristaltic activity. The average 
length of the pedicles in the reported cases 
has been 2 cm., but many of these become 
much longer as the tumor increases in size. 
Their proximity to the gastric outlet re- 
sults in the frequent production of pyloric 
obstruction, usually of a ball-valve, inter- 
mittent type. Balfour and Henderson ob- 
serve that this occurs in approximately 
10 per cent of the solitary benign gastric 
neoplasms. The other frequent complica- 
tions resultant from these solitary 
benign tumors are intussusception, ulcer- 
ation, gastric hemorrhage and malignant 
degeneration. 

Malignant pedunculated gastric tumors 
usually represent examples of carcinoma- 
tous degeneration in a preéxisting adenoma, 
polyp or papilloma. The incidence of 
malignant degeneration in these lesions 
has been varyingly estimated by different 
authors: Stewart!! 28 per cent; Brunn and 
Pearl® 12 per cent; Myer and Brams!” 60 
per cent; Miller, Eliason and Wright" 
35 per cent, and Benedict and Allen" 
41.2 per cent. McRoberts found definite 
malignant degeneration in the epithelium 
about the periphery of the pedicle in four 
out of five gastric polyps. Pennington”® 
has also pointed out that it is in the gastric 
mucosa adjacent to the pedicle that neo- 
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plastic change is usually first evident. 
Walters” calls attention to the interesting 
clinical fact that in diffuse gastric polyposis 
malignancy is not the rule, while in solitary 
gastric polypi malignancy occurs with 
great frequency. 

The presence of a definite gastric car- 
cinoma separated by normal mucosa from 
an associated - ...gn polyp has been re- 
ported by Beagles. This patient suc- 
cumbed after a recurrence fifteen months 
after a gastric resection. The case which 
we are reporting presented very similar 
findings at operation. Cases of this type 
demonstrate the narrow margin that exists 
between an apparently benign gastric 
polyp or adenoma and a gastric malig- 
nancy. This is responsible for the surgical 
dictum that all gastric polypi should have 
the advantage of radical surgery if feasible. 
Sinclair,!® after a study of these cases, 
concluded that “adenomatous polypi of 
the stomach, whether single or multiple, 
must be accepted as definitely precancer- 
ous lesions, but the available evidence goes 
to show that the association is much less 
intimate than in the case of the large 
intestine.” 

Diffuse gastric polyposis or adenopapil- 
lomatosis gastrica represents a rare type 
of gastric lesion, characterized by the 
presence of multiple pedunculated or polyp- 
like tumors. Higgins’ divides this group 
of tumors into three distinct types from 
a pathologic standpoint: (1) polyadenoma 
polypeux—consisting of polyps with multi- 
ple cysts, possibly due to obstructed ducts; 
(2) polyadenoma en nappe—with numerous 
polyps in clumps or plaques; and (3) 
polyadenoma of Brunnerian type—con- 
taining duodenal glands (quite rare). 

Mills” was able to collect fourteen cases 
of multiple gastric polypi from the litera- 
ture prior to 1922. In this series the number 
of polypi varied from six to over 240. 
He could find no evidence of inflammation 
in the mucosa between the tumors and 
does not believe that an inflammatory 
reaction is important in their production. 
Strauss, Meyer and Bloom,*! in 1928, re- 
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ported two cases of polyadenoma en nappe, 
bringing the reported cases of this type to 
seven. In both of their personal cases the 
lesion was primarily limited to the fundus 
of the stomach and characterized clinically 
by gastric discomfort, repeated gastric 
hemorrhages, and abnormal amounts of 
gastric mucus of an egg-white consistency. 

The two major complications that may 
develop with this type of gastric polyposis 
are hemorrhage and malignant degenera- 
tion, although the latter is not nearly so 
common as in the instance of a solitary 
prepyloric gastric polyp. Oshsner and 
Moser”? have recently reported two cases of 
multiple gastric polypi, one succumbing 
with metastasis and the other with massive 
gastric hemorrhage. Joyce and Diack? 
have also observed a patient with diffuse 
gastric polyposis treated by a Polya type 
of gastric resection; this individual suc- 
cumbed eighteen months later from 
metastasis. 

Prolapsing gastric mucosa must be con- 
sidered for the sake of completeness in any 
discussion of pedunculated gastric tumors. 
This condition is not in any way neoplastic, 
but represents a redundancy of the pre- 

pyloric mucosa of a varying degree, pro- 
lapsing through the pyloric ring with the 
development of intermittent pyloric ob- 
struction. Pendergrass and Andrews”! re- 
port eight cases of this condition diagnosed 
by x-ray, with subsequent confirmation on 
surgical exploration in seven instances. 
The condition clinically and roentgenologi- 
cally may simulate the picture presented 
by a pedunculated gastric polyp and these 
authors state that in their experience it is 
often impossible to differentiate between 
the two by x-ray examination. 


SYMPTOMS 


The majority of patients with pedun- 
culated gastric tumors are males between 
the ages of 40 and 65. Monat,” however, 
observed a 12 year old girl with a gastric 
intussusception incident to a gastric polyp, 
and isolated cases have been reported in 
almost every decade of life. 
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Pedunculated tumors in the body of the 
stomach produce symptoms varying with 
their location. Those near the pylorus 
may produce intermittent ball-valve ob- 
struction with attacks of severe epigastric 
pain, nausea and vomiting. This obstruc- 
tion is usually transient and is relieved 
when the tumor falls back into the body 
of the stomach. Instances are recorded in 
which the patient was conscious of some- 
thing slipping or moving in the epigastrium 
just before the beginning of an attack, as 
noted in our patient. These patients often 
find that changing their position, or taking 
fluid will dislodge the obstructing tumor 
mass and give relief. 

Those tumors situated sufficiently far 
from the pylorus to prevent the develop- 
ment of intermittent obstruction may only 
produce symptoms of vague epigastric dis- 
comfort of an indefinite type. Gossett 
et al.2° found that in twenty-seven of a 
series of sixty-six collected cases of pedun- 
culated gastric tumors there were no 
symptoms to attract attention to the 
stomach. These patients usually seek 
medical relief because of a sudden gastric 
hemorrhage which may be massive enough 
to be fatal, or because of weakness resulting 
from chronic blood loss. The bleeding in 
these cases results from either torsion of 
the pedicle with partial strangulation, or 
more commonly from an ulcer which 
develops on the surface of the pedunculated 
tumor. 

It is interesting to note that some of 
these patients who bleed slowly over a 
period of time develop glossitis, achlor- 
hydria, diarrhea and a blood picture which 
is indistinguishable from primary perni- 
clous anemia. Waters” reports three cases 
of bleeding gastric polyps occurring in 
patients with primary pernicious anemia, 
all successfully removed with improve- 
ment. Priestley and Heck” observed three 
cases of typical primary pernicious anemia, 
with established neurologic signs, in each 
of which on routine gastrointestinal exam- 
Ination there was found a bleeding gastric 
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polyp. All three were definitely improved 
by surgical removal of the polyp. 

Isolated cases have been reported by 
different authors in which the only symp- 
toms and physical findings elicited were 
those incident to profound anemia, with 
or without vague epigastric symptoms, 
and on routine gastrointestinal studies a 
gastric polyp was discovered. These ob- 
servations emphasize the importance of a 
thorough x-ray study of the upper gastro- 
intestinal tract in every case of severe 
anemia, including those which appear 
to be clear-cut cases of primary pernicious 
anemia. 

In addition to obstruction, ulceration, 
and hemorrhage, the other common com- 
plication encountered with pedunculated 
gastric tumors is intussusception. Iceton 
et al.** report a neuroblastoma of the 
gastric wall producing a fatal intussuscep- 
tion through the pylorus in a 47 year old 
female. Other instances of gastroduodenal 
and gastrojejunal intussusception have 
been reported by Wade,” Monat,” Bar- 
nett,®® and Shuman and Cruikshank.?*! 


DIAGNOSIS 


The symptomatology of pedunculated 
gastric tumors is so varied that no one 
picture can be considered diagnostic. How- 
ever, these lesions should be kept in mind 
and suspected when a history is elicited 
of vague epigastric distress with bouts of 
intermittent pyloric obstruction, especially 
if accompanied by achlorhydria and ane- 
mia. A routine physical examination is 
rarely of assistance in establishing the 
diagnosis, for the vast majority of these 
tumors cannot be palpated. A careful x-ray 
examination by a competent radiologist 
is the chief method of diagnosis in each 
instance. Lockwood*? states that the prin- 
cipal sign of a mural, sessile or pedun- 
culated growth in the stomach is the 
round or oval shaped filling defect seen 
radiographically. Peristalsis is not in- 
terrupted and the tumors can usually be 
shifted about in the stomach. Kirklin and 
Broders** caution that the stomach should 
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be absolutely empty before the examina- 
tion is undertaken and that a small amount 
of thin barium be used to permit accurate 
visualization of the gastric contours. They 
found that food masses, simple hyper- 
trophy of the gastric mucosa and non- 
ulcerated polypoid carcinoma were very 
easily confused with pedunculated gastric 
new growths. Pendergrass*‘ and Rigler**.% 
have outlined the most common x-ray 
findings seen in the examination of these 
patients. These have been summarized by 
Pendergrass*‘ as follows: 

1. A filling defect not easily demon- 
strated by fluoroscope. When seen it is 
sometimes possible to palpate the lesion. 

2. Peristalsis is not often interrupted 
unless there is an associated carcinoma 
with infiltration of the gastric wall. 

3. A six-hour gastric residue is usually 
present. 

4. A central filling defect in the duo- 
denum is seen on x-ray in the prone and 
right oblique positions. 

5. No defect is noted in the stomach in 
the pyloric region. This is important in 
differentiating prolapsing tumors from 
prolapsing prepyloric mucosa. 

La Roque and Shiflett®” observe that in 
general it may be assumed that “a filling 
defect suggesting a new growth in the 
duodenal bulb, accompanied by a six-hour 
residue, is indicative of a prolapsing tumor, 
while the absence of the six-hour residue 
is indicative of the tumor arising in the 
duodenum itself.” 

The most common lesions which may be 
confused in the differential diagnosis in- 
clude gastric and duodenal ulcer, gastric 
carcinoma, prolapsing gastric mucosa, mes- 
enteric bands and hypertrophied pyloric 
muscle in the adult. A careful evaluation 
of the history and physical findings may 
give some assistance in differentiation, but 
the principal purden falls upon the radiol- 
ogist. Those who have had experience with 
this type of lesion are capable of correctly 
diagnosing their presence in a high per- 
centage of cases and it is upon the radiol- 
ogist that the surgeon must depend. 
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TREATMENT 


The treatment of prolapsing gastric 
tumors is surgical. The tendency of these 
new growths to ulcerate, bleed, obstruct and 
undergo malignant degeneration is well 
established. Surgical treatment should in- 
clude a radical removal of the tumor to- 
gether with the adjacent stomach, since the 
carcinomatous degeneration so frequently 
first develops about the base of the pedicle. 
It is quite true that in dealing with a 
simple pedunculated fibrinous polyp, local 
removal of the polyp might be adequate, 
but this type of procedure is in general a 
dangerous one to follow. Numerous re- 
ports are to be found in the literature of 
recurrence and subsequent death from 
metastasis following conservative surgical 
procedures in the treatment of these 
tumors. The wiser course is to follow the 
advice of Balfour** and subject these cases 
to partial gastrectomy rather than a local 
excision if the patient’s condition permits, 
and in this way remove the local area of the 
stomach and assure safety from recurrence. 

Since the majority of these solitary 
prolapsing gastric polyps arise in the body 
or prepyloric region of the stomach, some 
form of partial gastrectomy will com- 
pletely remove the entire area of stomach 
under suspicion. When one encounters a 
bleeding pedunculated tumor in the cardia 
of the stomach however, local excision with 
removal of as much of the adjacent mucosa 
and gastric wall as is feasible is the only 
course possible. 

It is worthy of note that often the oper- 
ating surgeon will be unable to demonstrate 
the presence of the pedunculated tumor 
through the gastric wall when the abdomen 
is first opened. They have a tendency to be 
very elusive, depending upon the size and 
the length of their pedicles. Accordingly 
they may be found anywhere from the 
cardia to the second or third portions of 
the duodenum. If the diagnosis of a 
pedunculated tumor has been made by a 
competent radiologist, its absence cannot 
be definitely established until the stomach 
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has been opened and the entire inner sur- 
face carefully examined under direct vision. 
Only if this step has been carried out is one 
justified in assuming that the tumor is 
not there and an error has been made in 
diagnosis. 

The following case, recently observed, 
demonstrates most of the prominent fea- 
tures that characterize these lesions. It is 
of interest in that a correct diagnosis was 
made by the radiologist of a prolapsing 
prepyloric gastric tumor before operation 
and the presence of an associated gastric 
carcinoma in the body of the stomach was 
also suspected. 


CASE REPORT 


J. W., a white male farmer, 58, was seen in 
consultation with Dr. Frank Conlin at St. 
Catherine’s Hospital on February 4, 1937. 
The patient was admitted with an initial com- 
plaint of recurrent attacks of epigastric pain 
for a period of six months. 

There was no history of any previous serious 
illnesses. The patient had done hard manual 
work until the onset of the present illness and 
always considered himself to be in excellent 
health. 

Six months before admission the patient 
first became aware of what he described as a 
“weak” feeling in his epigastrium, unassociated 
with any pain. He then noted the development 
of rather severe attacks of epigastric pain, 
beginning in the mid-epigastrium and radiating 
to each side of the midline for a distance of 
15cm. This pain was dull in type, usually came 
on at 3 or 4 o'clock in the morning, and was 
promptly relieved by sitting up in bed or 
drinking a glass of milk. After eating his morn- 
ing meal the patient was able to do his day’s 
work without any discomfort. Pain was rarely 
experienced during the day, but occasionally 
the patient noted a sensation of ‘‘ weakness” 
in the pit of the stomach. Coarse foods were 
especially prone to produce this sensation but 
no other foods were troublesome. Occasionally 
something seemed to move or slip in the epigas- 
trium and following this sensation pain would 
develop about the pylorus. Three months 
before admission the patient was operated upon 
elsewhere for a rectal fistula. He had some 
bright red blood in his stools prior to this opera- 
tion but none since. There had been no nausea 
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or associated vomiting, and no change had 
been noted in the bowel habit. The patient 
denied any loss of weight or strength. The 


Fic. 1. X-ray examination of stomach demon- 
strating pedunculated gastric polyp in pre- 
pyloric region and defect on greater curvature 
resultant from coéxistent gastric carcinoma. 


major complaint was the periodic attacks of 
epigastric pain which gradually increased in 
severity and frequency during the previous 
four months. 

The patient was well developed and in a 
good state of nutrition. He did not appear to 
have lost any weight. The teeth were in poor 
condition, the tonsils small and the throat 
slightly injected. There were no palpable 
glands in the neck. The chest was clear on per- 
cussion and auscultation. The heart was not 
enlarged, the sounds regular and of good 
quality, with no murmurs. Blood pressure was 
140/90. There was no abdominal distention 
and no scars or hernia were present. There was 
slight but definite resistance over the epigas- 
trium on palpation and a little deep tenderness 
was demonstrable over this region. No masses 
could be made out. The extremities and 
reflexes were all normal. 

Laboratory Data. 

Blood hemoglobin go per cent R. B. C. 
5,000,000. W. B. C. 6,100. 

Differential: Polys 55 per cent (staph. 1 per 
cent, seg. 54 per cent); lymphocytes 38 per 
cent, eosinophiles 7 per cent. 

Urine: Specific gravity 1.007; no albumin, 
sugar or acetone; occasional white blood cells. 
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Wassermann negative. 
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appeared irregular, suggesting the possible 


Stool examination: Negative for occult blood _ presence of a carcinoma in this area in addition 
to the polyp. 


and for parasites on three occasions. 


Fic. 2. Resected portion of stomach opened to show the size and shape of 
the gastric polyp and attachment of its pedicle. 


Gastric Analysis: 


| Minutes 


15 30 45 60 


32 14 10 10 


A gastrointestinal examination showed that 
the stomach filled poorly at the pyloric end 
and disclosed a constant defect visible there 
and at the base of the duodenum, which looked 
like that produced by a pedunculated polyp 
arising in the adjacent pylorus. (Fig. 1.) At 
frve hours the stomach was practically empty. 
The small bowel showed no abnormality. At 
twenty-four hours the colon was irregularly 
filled with the meal. A barium enema showed 
no apparent lesion in the colon. 

A recheck of the stomach after twenty-four 
hours showed essentially the same picture seen 
at the first examination. The roentgenologist 
concluded that there was a _ pedunculated 
tumor in the duodenum, probably arising in the 
prepyloric stomach. The adjacent pylorus 


Operation. Under avertin and open drop 
ether, the abdomen was opened through a right 
rectus incision. Examination of the stomach 
showed a typical area of carcinoma on the 
greater curvature and anterior surface, 4 cm. in 
diameter. This lesion was 3 inches proximal to 
the pylorus and had invaded the peritoneal 
surface of the stomach. Palpable within the 
prepyloric stomach was a pedunculated intra- 
gastric tumor, which could be pushed through 
the pylorus into the duodenum for a distance of 
3 cm. and back into the body of the stomach. 
This tumor seemed to be about 2 cm. in 
diameter and when prolapsed into the duo- 
denum effectively blocked its lumen. There was 
no evidence of metastasis in the liver, the re- 
gional gastric nodes or pelvic peritoneum. 

The gastric polyp was replaced into the 
prepyloric stomach and a gastric resection 
carried out, removing the distal half of the 
stomach well above the carcinoma, together 
with the pyloric ring. A Billroth type I recon- 
struction was then carried out, employing the 
modification suggested by Horsley. The anas- 
tomosis was completed without tension and the 
patient returned to his room in excellent 
condition. 
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Convalescence was entirely uneventful. A 
postoperative ulcer diet was given five days 
after operation. The patient was dismissed 
from the hospital on the fifteenth postoperative 
day. He remained entirely well for fourteen 
months, and is doing hard work on his farm 
with no complaints. 

Pathologic Report. The specimen consisted 
of the distal half, together with the pylorus of 
the stomach. (Fig. 2.) The mucosa was some- 
what atrophic and showed slight injection. 
On the postero-inferior surface of the stomach 
3 cm. proximal to the pylorus was a polyp 
2.4 cm. in diameter, attached to the gastric 
mucosa by a stalk-like pedicle 3 cm. long. The 
mucosa over the polyp was smooth with no 
visible necrosis or ulceration. Situated well 
above the polyp, and entirely independent 
from it, was an area of carcinoma 4 cm. in 
diameter, lying on the greater curvature and 
anterior surface of the stomach. It was firm and 
plaque-like, and its mucosal surface showed no 
gross ulceration. The peritoneal covering of 
the stomach had been invaded but there was 
no evidence of regional metastasis. No other 
polypi were visible in the resected specimen. 

The microscopic diagnosis was scirrhous 
carcinoma of the stomach, fibrinous pedun- 
culated gastric polyp, the mucosa about the 
base of the polyp showed no evidence of 
malignant change. 


CONCLUSIONS 


1. Pedunculated gastric tumors cannot 
be considered rare lesions. 

2. From 10 to 20 per cent of benign 
gastric neoplasms develop pedicles and are 
capable of producing pyloric obstruction. 

3. These pedunculated tumors show evi- 
dence of malignant degeneration in from 
30 to 40 per cent of the cases. 

4. Vague epigastric distress associated 
with intermittent attacks of pyloric ob- 
struction represent the most common clini- 
cal features. 

5. Ulceration, hemorrhage, obstruction 
and intussusception are the principal com- 
plications resultant from these lesions. 

6. All cases of severe anemia of undeter- 
mined origin should be carefully studied to 
exclude the presence of a bleeding gastric 


polyp. 
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7. Proved cases of primary pernicious 
anemia should have the benefit of a 
thorough gastrointestinal study because of 
the frequent occurrence of polyps in this 
condition. 

8. The final diagnosis rests in the hands 
of a competent radiologist. 

g. Treatment should consist of partial 
gastrectomy, if this be feasible, to remove 
both the polyp and a wide area of the 
adjacent gastric wall. 
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FAMILY PEDIGREE 
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of the vermiform appendix to an 
imposing array of diverse causes. 


of the have attributed infections 


stitutional diatheses of one sort or another 
and, indeed, by consulting the literature 
one may find evidence that such diverse 


ce 


63 6050 


Fic. 1. Appendicitis. (Data from Caroli.) 


Outstanding among these alleged causes 
may be named anatomic defects of posi- 
tion, of form, of size, of vascularization, of 
attachment and presence of Gerlach’s 
semilunar valve. Other suspect conditions 
are arthritis with a tendency to produce 
both gallstones and appendicular fecaliths; 
aconstitutional diathesis conducive to auto- 
infection; a tendency for infection to settle 
in the lymphoid tissues including the appen- 
dix, following such diseases as scarlet fever 
or scarlatina, grippe and typhoid fever. 
Nervous constitutions producing constipa- 
tion as well as other digestive disorders 
are accused. Intestinal parasites are also 
incriminated. 

It seems very probable that most of the 
alleged causes are responsible for many 
cases, and hence it appears unwise to 
search for a single etiologic factor common 
to all appendicitis infections. 

Except in the event of infection resulting 
from the presence of intestinal parasites, 
the immediate physical causes of appen- 
dicular infection mentioned above might 
be determined by or contributed to con- 


predisposing hereditary backgrounds do 
exist. 

Caroli (quoted by Carnot?) described the 
family charted in Figure 1* in which 
thirteen persons out of a total of thirty-six 
in four generations had appendicitis. 

Okinczyc, quoted by Weinsaft,? describes 
the pedigrees of appendicitis shown in 
Figures 2, 3, and 4. The appendices of 
affected members of the family charted in 
Figure 3 were all between 15 and 17 cm. in 
length and were coiled. 

Weinsaft reports the family charted in 
Figure 5, in which a daughter, a father and 
a paternal uncle were affected. 

Colley? reports three small pedigrees 
whose affected members bore anatomic 
defects assumed to be the causes of infec- 


1Carnot, P. Les maladies digestives familiales. 
Paris méd., 87: 288-299, 1933- 

*In our charts (except Fig. 1) squares represent 
males, circles represent females. Numerals placed 
beneath the symbols indicate age at time of attacks. 

2 WeinsarFtT, P. Les appendicites familiales (remar- 
ques etiologiques). Univ. Paris Thesis 1933. 

3 CoLLeY, F. Beitrige zur Klarung der Frage von der 
Erblichkeit der Enziindung der Blinddarmanhanger. 
Arch. f. Klin. Chir., 103: 177-208, 1914. 
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tion. In Figure 6 is represented a eee) the 
affected members of which lacked 114 cm. 
of mesoappendix. However, haeeer to 
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by Balogh. We show his material in 
Figure 
Van Meter’ suggests inherited suscepti- 


22 


2. 


Fic..3. 


Fic. 4. 


Fics. 2, 3, AND 4. Appendicitis. The small coils in Figure 3 represent coiled appendices. (Data from 
Okinczyc.) 


the statement of Weinsaft, this does not 
represent a Mendelian characteristic, just 
because there are 3 affected to 1 normal 
in the third generation. Indeed, this 
anatomic peculiarity appears to be due 
to a single dominant gene, in which case 
the expectation is equal numbers of 
affected and normals. The 3 to 1 ratio 
obtained in this isolated instance was due 
to the probable error of random sampling. 
In Figure 7 are charted a father and a 
daughter in which the artery of the 


37 


9 


Onn 


Fic. 5. Appendi- Fic. Missing 
citis. (Data meso. aoe from 
from Weinsaft.) Colley.) 


mesenteriole was very small and in which 
the vein was almost obliterated. In Figure 
8 there was found at operation, an appendix 
fused to an ovarian cyst in a mother and 
also in her daughter. 

Alvarez‘ supports the lithiasis theory 
with a pedigree shown in Figure 9. 

Leckie® reported the pedigree of appendi- 
citis which we have charted in Figure 1o. 

Short, thick appendices having wide 
openings into the cecum and subject to 
clogging with feces have been described 

4 AtvaREz, Hypertension and appendicitis in eight 
members of one family. M. Clin. North America, 2: 


1435-1447, May 1928. 
5 Leckie, G. G. Interesting family history of appendi- 
citis. Canad. M. A. J., 36: 287, 1937. 


bility to appendicular infections dependent 
upon inherited anatomic peculiarities. In 
Figure 12 we show Van Meter’s pedigree of 
large angulated appendices. In Figure 13 
we show Van Meter’s data for coiled 
appendices. 


Fic. 8. 
(Data from 


Fic. 7. 
Fic. 7. Small veins. 
Colley.) 
Fic. 8. Appendix adhered to ovarian 
cyst. (Data from Colley.) 


Magruder® describes four families in 
which more than one member had appen- 
dicitis. The largest pedigree (Fig. 14) shows 
twelve affected persons. Another family 


rheumal str arterial f yRerlension 


brher 
Nervous 
Fic. 9. Nervousness and lithiasis. (Data from 
Alvarez.) 


shown in Figure 15 has five affected mem- 
bers, while the other two pedigrees (Figs. 
16 and 17) have merely two affected 
members. 


6 BaLocu, E. Beitrag zur Lehre von der Erkrankung 
an appendicitis. Deutsche Ztscbr. f. Chir., 245: 325-328, 
1935. 

7Van Meter, S. D. Hereditary appendicitis. Colo- 
rado Med., 17: 241-244, 1920. 

8 MacruperR, E. M. Hereditary predisposition to 
appendicitis. Virginia M. Monthly, 45: 309, 1919. 
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In 1922 Cignozzi® summarized his find- 
ings in 500 cases of appendicitis within a 
circumscribed geographic area. He felt that 
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dominant unit-characters. Such characters 
are: (1) missing section of mesoappendix; 
and (2) variations which may be described 


“den tary 


Fic. 10. Appendicitis. 


when the appendix was situated high, due 
to incomplete rotation of the colon, attacks 
of appendicitis were more acute. Among 
these 500 cases fifty were found to be 
familial. 

The authors have found several families 
affected by appendicitis. In Figure 18 is 
charted a family having five affected 


(Data from Leckie.) 


as coiled, short, long and retrocecal. It has 
been assumed that these bizarre morpho- 
logic forms produce appendicitis, but no 
one has operated on normal members of 
the same families to prove whether or not 
these individuals may bear these same 
anatomic abnormalities throughout life 


oo 


with impunity. 
— 


Fic. 11. Short thick appendices with wide openings. (Data from Balogh.) 


members, all operated on. Figure 19 de- 
scribes a family having ten members that 
were operated for recurrent appendicitis. 
The ““X” marks indicate burst appendices 
at the time of operation. The affected 
persons in this family all had retrocecal 
appendices. 


N 
J 
Fic. 12. Large angulated appen- 


dices. (Data from Van Meter.) 


Some of the pedigrees we have reviewed 
are sO meager as to carry little weight, 
whereas others are quite convincing evi- 
dence that peculiarities or anomalies of 
the appendix are inherited as simple 


*CicNozz1, O. Le appendiciti familiari. Policlinico 
sez. Chir., 29: 585-590, 1922. 


That other disturbances of the digestive 
tract suchas tonsillitis, gall-bladder disease, 
and ulcerative colitis are occasionally 
present is not to be denied. It. may con- 
ceivably be due to chance that some of 
these accompanying conditions strike per- 
sons suffering from appendicitis, and yet 


1G. 13. Coiled appendices. (Data from Van Meter.) 


x 
F 


some cases are highly suggestive of a 
common cause. 

In reviewing the records appearing in the 
literature, one Is constrained to wonder 
concerning the dietary habits of the 
families described. Only too often cases are 
recorded from hearsay or from the word of 
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Fic. 14. Appendicitis, (Data from Magruder.) 


a single patient. Had it been possible to 
follow the leads of some of these cases 
appearing in the literature, it seems proba- 
ble that much more extensive pedigrees 
would have come to light, providing that 
the several diatheses for appendicitis are 
genetic and unit-dominants in nature, as 
they appear to be in the cases reported. 

A pedigree of appendicitis which we now 
present is by far the most extensive one yet 
placed upon record as will be evident from 
an examination of Figure 20. Intimate 
acquaintance with this expanded network 
of relationships allows us to answer a 
number of criticisms which logically might 
be brought against the collection of ap- 
pendicitis pedigrees from a genetic stand- 
point. The households represented are 
quite comfortably situated. The stock is 
primarily old Yankee. The intelligence and 
capability is high. Knowledge of balanced 
diets is complete. Nervous disorders are 
uncommon. Except in two cases, described 
as chronic by the surgeon, there has been 
no tendency to remove the appendix as a 
preventive measure, although tonsils have 
been excised as a matter of course. Hence 
the possible correlation between tonsillitis 
and appendicitis cannot be studied in this 
pedigree. 

There have been some cousin marriages 
in the past in this family. The pedigree 
chart is a bit complicated due to the mar- 
riages of two brothers (Fip and Fz») to two 
sisters (F,;; and F,;). This fact has neces- 
sitated two long parallel lines, each con- 
necting a set of siblings. 

Viewing the pedigree as a whole, one will 
note immediately that the cases are not 
distributed at random, as might be ex- 
pected if no hereditary diathesis were 
present. On the contrary, in the upper 
section of the pedigree the cases occur 
sporadically in 6.5 per cent of the popula- 
tion, whereas in the lower section they 
occur in 35 per cent, or more than five 
times as frequently. This makes it apparent 
that some sort of hereditary diathesis is 
being transmitted in the lower portion 
of the pedigree. 


i 
j 
% 
} 
2 
| 


New Series Vor. XLVI, No. 2 


The average age at the time of attacks 
shows a definite anticipation, the average 
ages being 52.5 years for the F,; 32.3 years 
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gesting a unit-dominant. These data, with 
suggestions both of dominance and reces- 
sivity, cannot be reconciled with each other 


Bod 


Fic. 15. 


Fic. 16. Fic. 17. 


Fics. 15, 16 AND 17. Appendicitis. (Data from Magruder.) 


for the F2, 13.4 years for the F;. The one 
affected child in the F, was 7 years of age. 
It must be said, however, that F, 11, 
although she had bouts of appendicitis for 
several years, was not operated on until the 
terminal attack from which she died at the 
age of 66. 

If we try to single out particular types 
of matings and apply Mendelian formulae, 
the data do not make sense. 

There are sixteen affected males and 
twenty-three affected females, indicating 
that no male sex linkage exists. Eight 
matings between normals produced nine- 
teen normals and thirteen affected, which 


and the best we can say is that appendicitis 
tendencies are inherited in this family but 
in an irregular fashion. 


Fic. 18. Appendicitis. 


If we study the twenty-one hospital 
records which we have been able to 
obtain, we find such diverse accompanying 


ot 


Fic. 19. Retrocecal appendices. 


is a wide deviation from the recessive 
Mendelian 3:1 ratio. Five families have 
one affected parent (not counting the last 
generation in which the children are still 
young). These families have eight nor- 
mals and eleven affected, suggesting a 
unit-dominant. 

In three families both parents have had 
appendicitis and in these, three children 
are normal and six are affected, also sug- 


or predisposing factors as_ gall-bladder 
disease, coiled appendices, long appen- 
dices, retrocecal appendices. 

If we examine the portion of the pedigree 
where appendicitis is most concentrated 
we find that the complex consists of the 
appendicitis family of male F, 27, who 
married into the appendicitis family of 
female F, 28 (inclosed in dash line). F:, 27, 
his two sisters F, 23 and F, 41, as well as 
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his mother and a maternal aunt, all had 
gallstones. In his wife’s family no gallstones 
are recorded. His daughter (F; 36) had 
gall-bladder trouble - following her first 
pregnancy but she had no gall-bladder 
operation. 

F, 27 and three of his siblings (F2 23, 39, 
41) had coiled, kinked, or retrocecal 
appendices. His appendix, as described in 
the operation report, was large, and that 
of his sister Fz 42 was very long. F, 27 
apparently transmitted his “‘large’’ appen- 
dix to his three children (F; 38, 39, 41) 
whose appendices were “elongated,” “‘1o 
inches long,” and “8 inches long”’ respec- 
tively. F, 23 (the brother of F; 27) who had 
a “sharp angle or twist” had, by two 
wives, five affected children (F; 29, 31, 32, 
33, 35), three of whom had appendices 
described as “angulated,” ‘“‘retrocecal,” 
and “‘moderately kinked on itself.” F, 23, 
his child (F3 32), and his two nieces 
(F; 38, 41) all had fecaliths. The rela- 
tives, F; 59 and F; 62, had “long” and 
“large” appendices respectively. Thus, in 
this one family we have the predisposing 
factors of lithiasis, gallstones, long or large 
appendices, and bent, coiled or retrocecal 
appendices appearing as hereditary char- 
acters. (It is to be understood, however, 
that kinking or coiling of the appendix 
may frequently be acquired rather than 
hereditary.) 

In the family of F, 28 a father (F2 30) 
and his son (F3 44) have coiled appendices. 
Long appendices are recorded for F, 36 
and F; 44. 
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Those findings are quite in contrast to 
our pedigree shown in Figure 19 in which 
the one predisposing factor of retrocecal 
form of the appendix is inherited as a 
simple, dominant unit-character, once ap- 
pendicitis has appeared. To us it seems 
highly improbable that all the predisposing 
factors shown in Figure 20 could be differ- 
ent manifestations of one hereditary cause. 

We are forced to conclude in view of all 
the facts recorded in the literature and 
from our own studies that there are a 
number of hereditary factors predisposing 
to appendicitis (some of which factors are 
inherited as irregular dominants), and that 
the genes for several of these predisposing 
physical factors, as shown in Figure 20, are 
concentrated in the germ plasm of F, 11 
and her descendants, one of whom (F, 27), 
married into the appendicitis family of 
F, 28. 


SUMMARY 


A review of the literature shows that a 
number of diverse hereditary constitutions 
are probably conducive to appendicitis. We 
present a pedigree containing thirty-nine 
individuals who have suffered from appen- 
dicitis. The tendency to appendicitis is 
hereditary in this pedigree, and seems to 
involve the transmission of several different 
types of predisposition. 


The authors are deeply indebted to a number 
of hospitals and physicians who so kindly 
provided us with case histories and especially 
to Dr. John E. Ruisi of Westerly, R. I., who 
operated upon several of the patients and who 
has greatly assisted us with the literature. 


A CLASSIFICATION OF FOREARM FRACTURES NEAR 
THE WRIST 


L. E. SNODGRASS, M.D. 


Instructor in Surgery, University of Pennsylvania Medical School 


PHILADELPHIA, PENNSYLVANIA 


HE subject of this discussion is an 
anatomic and roentgenologic study of 
fractures of the forearm bones near 


wy 


Fic. 1. Posterior view « f the hand im dorsal 
flexion and palm down position. 


the wrist, presented for the purpose of 
introducing a classification, with a system 
of internal measurement derived from 
anatomic landmarks. The classification, 
which has been observed and applied to 
cases for the past five years, and used for 
teaching purposes for the last two, Is 
submitted for critical review and confirma- 
tion by other workers interested in these 
fractures. 

The late A. P. C. Ashhurst! wrote: “‘It is 
perhaps unnecessary to argue the desir- 
ability of classification; for without classi- 
fication, the relation of one lesion to 
another can be neither remembered nor 


266 


understood in any department of knowl- 
edge; and comprehension is a prerequisite 
for intelligent memory and for rational 


portion of the palmar fascia attached. 


diagnosis and treatment.” These classic 
words render further discussion of the value 
of classification superfluous, except to note 
that classification is not a simple listing 
of different types of lesions, in this case, 
fractures. Such a listing is a catalog but not 
a classification. A true classification should 
demonstrate some fundamental relation of 
one lesion to every other lesion. 

The primary observation of this paper Is 
that in suprastyloid fractures of the radius, 
the distance from the center of the ulnar 
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styloid base to the second carpometacarpal 
articulation equals the distance from the 
ulnar styloid base to the point where the 
fracture line joins the lateral surface of the 
radius. The exceptions are few. This ob- 
servation is grounded in the three following 
concepts of applied anatomy, not greatly 
emphasized heretofore. The first two were 
mentioned in the December, 1937 issue of 
this journal.” 

1. The proximal row of carpal bones 
move as a unit in transmitting force from 
the hand to the radius. 

2. The distal row of carpal bones, except 
the greater multangular, combined with 
the four medial metacarpals, forms the 
central unit of the hand, in which any 
force entering the radius from the hand 
originates. 

3. The recognition of the fact that the 
distal end of the ulna lags behind the radius 
in growth from childhood to adult life. 

The problem toward which this work is 
directed is twofold: 

1. When an individual falls on the hand, 
why does the site of fracture move distally 
in the radius as age increases, until adult 
life is reached? 

2. What is the precise level of supra- 
styloid (Colles’) fracture? 

In Colles’ original description, he placed 
the fracture line 114 inches above the 
carpal extremity of the radius. Since that 
time, there has been a difference of opinion 
regarding the exact level of the fracture 
line. Eliason and his associates’ refer to the 
confusion existing and place the fracture 
Wy to 34 inch above the joint surface of the 
radius, and designate the lesion as ‘“‘supra- 
styloid.”” Any review of the literature will 
show that attempts at the precise definition 
of this lesion, not excepting Colles’ original 
description, have all been expressed in 
terms of external linear measurement, I.e., 
not in relation to regional anatomic 
landmarks. 

The observations presented here are 
made in the usual anteroposterior films of 
the wrist in 180 degrees extension. The 
hand may be in midposition, radial or 


Snodgrass—Wrist Fractures 


267 


American Journal of Surgery 


ulnar deviation. Under these conditions, 
one point of a compass is placed in the 
middle of the base of the ulnar styloid, and 


Fic. 3. Anterior portion of the transverse carpal 
ligament has been removed. 


the other in the middle of the articulation 
between the os capitate and the proximal 
end of the second metacarpal. (Figs. 12 and 
13.) With this distance as a radius and 
with the point on the ulnar styloid as a 
center, a line is drawn proximally, forming 
the arc of a circle which crosses the radius 
and ulna. This line will be found to inter- 
sect the fracture line where it meets the 
lateral border of the radius. (Plates 1, 1 
and 1.) The circle with the term “circle 
test” is used in what follows, merely as a 
simple device to demonstrate that the mid- 
dle of the proximal end of the central unit 
of the hand is the same distance from the 


Transverse 
carpal,lig. 
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line joins the lateral border of the bone. 
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ulnar styloid, as the ulnar styloid is from 
the point on the radius where the fracture 
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(b) An overlooked greenstick fracture in 
the lower end of the ulna, with resultant 
bending of the distal end of the ulna toward 


Trans. carpal 
lig. reflected - 


flexor carpi 
ulnaris 


Fic. 4. Transverse carpal ligament severed from its attach- 
ment on the radial side. 


Sources of error in the use of this type of 


measurement are: 

‘1. The film should be a true antero- 
posterior film, I.e., under optimum condi- 
tions the full width of the distal radio-ulnar 
articulation should be shown. After one 
has applied the above maneuver to a 
hundred or more fractures of all ages in this 
region, and satisfied himself of the validity 
of the test, a moderate amount of distortion 
is readily discounted. 

2. Any condition which changes the 
normal distance from the base of the ulnar 
styloid to the second carpometacarpal joint: 

(a) A shortening of the carpus, such as 
that seen in severe arthritis with destruc- 
tion of the cartilage. 


the radius. This is especially common in 
very young children. 

(c) Fracture with displacement of the 
entire lower end of the ulna. 

(d) An abnormally long or short ulna, or 
ulnar styloid. 

Unfortunately, the simplicity and ease 
with which the test is applied may cause It 
to be regarded as an act of prestidigitation. 
In an effort to dispel this attitude, certain 
questions are anticipated. 

1. Of what use is the circle test? 

(a) It differentiates the typical fracture, 
sustained in a fall to the standing level, 
from the atypical fracture. The typical 
fracture is on the line or slightly distal to it, 
but is not proximal to it. 
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(b) It demonstrates that the supra- 
styloid fracture in children is governed by 
the same mechanics which operate in the 
production of the adult (Colles’) type. 

(c) Itdirects attention to growth changes 
in the distal end of the radius and ulna, 
identifying slight variations from the 
normal. 

(d) It serves as a system of internal 
measurement based on anatomic land- 
marks, rather than on linear measurement. 

(e) It defines suprastyloid (Colles’) frac- 
ture of the radius as a double rotation 
(lateral and dorsal) fracture of the radius, 
in which the leverage effects of the central 
unit of the hand seem to be demonstrated. 

2. Why was the middle of the base of the 
ulnar styloid selected as the center of rotation? 

The ulna is more largely the continuation 
bone of the humerus, since it articulates 
with the humerus in a manner which 
permits motion in only one plane; whereas 
the radius not only moves in this same 
plane, but is permitted rotation on its long 
axis through the head and neck, while 
distal to the neck it rotates about the 
distal portion of the ulna. The distal ends 
of the radius and ulna are parallel mem- 
bers, firmly bound together by the strong 
ligaments of the distal radio-ulnar articula- 
tion, as well as by the interosseous mem- 
brane and the ligaments from the ulnar 
styloid to the carpus. The medial ligaments 
of the wrist are attached to the tip and as 
far proximally as the base of the ulnar 
styloid, while the triangular fibrocartilage 
is attached to its base. 

In such an arrangement, if force is 
applied to the radius in its long axis from 
distally, and fracture of the distal end 
occurs, the fractured portion which is 
bound to the lower end of the ulna must 
rotate about a point in the lower end of the 
ulna as a center. If one wishes to state the 
proposition differently and show that 
the force comes from above or proximally, 
the result is the same. The lower end of 
the radius meets resistance coming through 
the carpus and is stopped and held, while the 
lower end of the ulna which does not enter 
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into the wrist joint and which receives very 
little if any direct force, is carried on and 
has a tendency to ride distally past the 


Transverse carpal lig. 
reflected 


Fic. 5. Palm down position, showing the carpal 
arch which sustains the weight of the body in 
a fall on the hand. 


Carpal canal 


lower end of the radius. The clinical proof 
of this lateral rotation of the distal frag- 
ment is seen in the lateral tilt of the frag- 
ment, together with the invariable dis- 
placement of the ulnar styloid fragment, 
when it is fractured, toward the carpus. 

3. Why was a point chosen in the middle 
of the second carpo-metacarpal articulation? 

The selection of this point was not 
arbitrary. It rests on a conception of the 
functional anatomy of the hand and carpus, 
described in 1933,4 and again more re- 
cently.2, Even a cursory study of the 
anatomy of the distal end of the radius and 
ulna will show that the hand and carpus 
are rotated away from the ulnar styloid asa 
center, in a fall on the hand. But the task of 
demonstrating the use of the hand as a 
lever in guiding and disseminating force to 
the radius was found to be difficult and 
puzzling. It was learned that the proximal 
row of carpal bones act as a unit, moving as 
one piece and acting as an adjustable disc 
for the transmission of force from the 
remainder of the hand to the radius. (Figs. 
12-15.) This conception of the function of 
the proximal row bones is substantiated by 
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Fic. 7. Lateral view, dorsal flexion. 
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Palmaris 
longus 


tendon 


Deep palmar palmar fascia 


| 
Origin of thenar m SS Origin of 


hypothenar m. 


Attachment to A to 
distal end of scaphoid pisiform, triangular 
and trapezium and hamate bones 


Fic. 6. The fusion of the central portion of the palmar fascia (aponeurosis) 


with the trans. carp. lig., forms a structure of great clinical importance in any 
study of transmission of force through the hand, either to the carpal bones or 
to the radius. From a clinical viewpoint, it is a unified structure and is here 
labelled ‘A,’ the central tendon of the hand. The texts with which I am 
familiar do not properly interpret the functional significance of this central 
tendon. Its clinical importance is actually obscured when studied under 
classical anatomical subdivisions. It is quite apparent that any force 
received through the palm of the hand or through the hand used as a fist, 
is sustained in whole or in part by the central tendon. 

The thick middle portion of the palmar fascia has two layers; an anterior 
whose fibers are longitudinal, and a deeper layer composed of transverse 
fibers which blend with the trans. carp. lig. The palmaris longus, an ex- 
ceedingly variable muscle which is absent in 10-20 per cent of specimens, 
is a tensor not only of the palmar fascia but also of the entire structure of 
the central tendon. As seen in cross section, the central tendon is six tailed 
in three planes, having the palmar fascia in the anterior plane; giving origin 
to the thenar and hypothenar muscles in the middle plane; and finding at- 
tachment to the anterior surfaces of the bones which form the carpal canal, 
in a deeper and more dorsal plane. 
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Fic. 8. Lateral view, extreme dorsal flexion. 
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the fact that none of these bones has It should also be recognized that the 
muscles inserting on it. They are under distal carpal row bones, except the greater 


control of the flexors carpi ulnaris and multangular, together with the four medial 


Fic. 9. A newborn wrist, anterior 


view. 


Pronator. 


radialis through the connection with these 
muscles at either end of the proximal row, 
at the distal end of the scaphoid and 
through the sesamoid pisiform to the 
triangular. The extensor tendons on the 
dorsum of the wrist, both for the wrist and 
for the fingers, have no insertion on either 
the proximal or the distal row of carpal 
bones. 


Fic. 10. A newborn wrist, posterior 
view. 


metacarpals, act as the central unit of the 
hand, between whose individual members 
there is scant movement. All the extensor 
tendons of the wrist and fingers insert in 
this central unit, except those to the thumb 
which go to the first metacarpal or distal to 
it. The carpal bones form an arch sub- 
tended by the strong transverse carpal liga- 
ment (Figs. 2-8, 11, 14) and it is this arch, 
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Fic. 11. Transverse sections through the wrist. 


272 


American Journal of Surgery Snodgrass—Wrist Fractures NovEMBER, 1939 


Fic. 12. Extreme radial deviation with 
circle applied. The third metacarpal, os 
capitate and semilunar bones are in line. 
The distal radio-ulnar articulation is 
shown in a direct a-p view. The tip of 
the radial styloid is at the midcarpal 
joint line. Note that the lateral styloid 
convexity of the radius is poorly 
developed. 


VINd130V 1IHd 
dSOH 


Fic. 13. Extreme ulnar deviation with circle 
applied. The os capitate and the third 
metacarpal are in line with each other but 
not with the semilunar. There is some rota- 
tion in taking the film in that a clear view 
of the cartilaginous area of the distal radio- 
ulnar articulation is obscured. The pisiform 
is slightly off the triangular in a proximal 
direction. 


Fic. 14. Lateral view, dorsal flexion. The subject placed all the weight possible on 
this hand, short of losing his balance, when the film was taken. The dorsal lip of 
the radius overrides the proximal row of carpal bones. Note that the bones of 
the distal carpal row and the metacarpals are in the same horizontal plane. 
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with the central tendon of the hand, which 
sustains the full body weight in a fall on the 
hand. With these facts in mind, the puz- 
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4. Is it a coincidence that the circle formed 
by a radius whose length is equal to the dis- 
tance between the ulnar styloid base and the 


Fic. 15. Lateral view, anterior flexion. 


zling action and distribution of forces in 
this region were somewhat clarified. After 
the proximal carpal row was recognized as 
an adjustable bony-cartilaginous plate, 
attention was focused on the central unit of 
the hand, consisting of the four medial 
metacarpals and the three medial carpal 
bones of the distal row. 

Considerable interest was directed to- 
ward the os capitate from the beginning of 
this study, not only because it is the 
largest bone in the carpus, but also because 
it is the first bone to appear in the x-ray, 
casting a shadow at the age of six or eight 
months. It was assumed that of all the 
carpal bones, the capitate was subjected to 
maximal force from early life onward. 
Dissecting room studies also showed that 
the line drawn through the articulating 
surface between the os capitate and the 
second metacarpal, approximately bisected 
the chord which subtends the arc formed 
by the proximal surface of the distal carpal 
row. In other words, on the cadaver, this 
articulation represents the approximate 
midpoint of the proximal end of the central 
unit of the hand. The x-ray anatomy here, 
In the anteroposterior view, is very decep- 
tive owing to the depth of the arch formed 
by the carpal bones. (Fig. 5.) 


middle of the second carpometacarpal joint, 
coincides with the lateral convexity of the 
adult radius? 

Early in this study, when such a distance 
was first used, it was so regarded. Obvi- 
ously any fracture line which comes 
through to the lateral surface of the radius 
must be intercepted by the circle. Interest 
was heightened when films prepared with 
the hand in complete ulnar or radial 
deviation, showed that the second carpo- 
metacarpal articulation remained on the 
circle, in any position of ulnar or radial 
deviation or in midposition. (Figs. 12 and 
13.) The matter rested here for a few 
months, when the interesting observation 
was made that in children, the circle passed 
through the line of fracture on the lateral 
surface of the radius with few exceptions, 
although it did not coincide with the lateral 
surface of the bone, but swung widely 
lateral to it. (Plate 1, Figs. 1, 2, 3, 5 and 6.) 
Before an ulnar styloid is formed, the 
compass is placed over the medial distal 
end of the ulna, where the ulnar styloid will 
later appear. 

5. How does the circle test for fractures of 
the radius bold true in both adult and child- 
hood fractures, when the adult type is 14 to 
34 of an inch from the wrist joint, and the 
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childhood type is 1 to 11% inches from the 
joint? 

The answer to this consists of one of the 
three main points supporting this classifica- 
tion. There is a simple anatomic fact which 
serves to place fractures in all age groups 
in this region in the same mechanical 
category. It is the observation that the 
distal end of the ulna lags behind that of 
the radius in growth, so that in the young 
child the distal end of the ulna is approxi- 
mately 14 to 14 inch proximal! to the lower 
end of the radius. As age increases, the 
distal ulnar end tends to gain on the radius, 
until when growth is completed, it has 
reached its adult position. (Plate 1, Figs. 
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1-24.) The situation is reversed at the 
elbow where the growth of the ulna exceeds 
that of the radius. (Plate 11, Fig. 72.) 

6. Is it true that the common site of adult 
fracture, where the cancellous bone of the 
distal end of the radius joins the cortical bone 
of the shaft, is a weak area in the radius? 

This area has been spoken of and taught 
as a zone of weakness in the bone, and it 
may be true, although no incontrovertible 
evidence was found in favor of or against 
this view. However, it is a fact, that at the 
level of the usual adult fracture line, the 
bone also changes its shape. The question 
then arose: Does the fracture line occur in 
its usual site, because of the change in 


age 7. Questionable epiphyseal separation. The distal end of the ulna is bent in 


PLATE I. 

No. 1. M. S., age 20 months. Greenstick subperiosteal fracture of radius, distal third. 

No. 2. F. K., age 20 months. Fracture of both bones in distal third. 

No. 3. J. K., age 5. Fracture of both bones, distal third. 

No. 4. J. K., 
toward the radius, causing the circle to miss the epiphyseal line. 

No. 5. J. H., age 8. Fracture in distal third of both bones. 

No. 6. B. S., age 8. Fracture in distal third of both bones. 

No. 7. J. G., age 9. Epiphyseal separation of distal epiphysis of radius. 

No. 8. W. W., age 9. Greenstick fracture in distal third of radius. 

No. g. A. H., age 10. Greenstick fracture in distal third of radius. 

No. 10. G. R., age 11. Epiphyseal separation, distal radial epiphysis with fracture of distal 
end of ulna. 


No. 11. G. R., age 11. Same patient as No. 10 but before reduction. 
No. 12. G. G., age 11. Greenstick fracture distal third of radius. Circle misses the fracture 


line by almost a centimeter. 


No. 13. J. M., age 12. Epiphyseal separation distal radial epiphysis. Circle misses by about 


0.5 cm. 


No. 14. H. B., age 13. Fracture of both bones in distal third. 
No. 15. D. Y., age 13. Fracture of both bones in distal third with chip fracture of ulnar 


styloid. 


No. 16. L. Z., age 13. Chip fracture of posterior border of the diaphysis, with probable re- 
duced epiphyseal separation. Note how the ulna is bent in toward the radius. The circle misses by 


0.5 cm. 


No. 17. S. B., age 13. Chip fracture of posterior border of the dipahysis with epiphyseal 
separation and fracture of the ulnar styloid. Circle misses. 

No. 18. H. W., age 13. Greenstick fracture in distal third of radius. 

No. 19. R. M., age 13. Fracture of both bones in the distal third. 

No. 20, W. G., age 14. Fracture of distal radial third with fracture of ulnar styloid. Circle 


misses slightly. 


No. 21. N. S., age 15. Fracture of distal radial third with fracture of ulnar styloid. 

No. 22. R. A., age 15. Fracture of distal radial third with fracture of ulnar styloid. 

No. 23. J. C., age 16. Fracture of distal radial third. 

No. 24. G. F., age 21. Subperiosteal fracture distal radial third. Circle misses slightly. 
Notice the distortion produced in taking the film, so that one sees the radial surface of the distal 


radio-ulnar articulation. 


No. 25. M. C., age 17. Fracture distal end of radius with fracture of ulnar styloid. Circle 
intercepts fracture line. Epiphysis is closed, and distal end of ulna is somewhat atypical. 

No. 26. F. K., age 14. Epiphyseal separation of the radius with fracture of the radial styloid. 

No. 27. W. P., age 33. Fracture of radial styloid. No displacement. Cranking a car. 

No. 28. W. D., age 25. Fracture of radial styloid. No displacement. Cranking a car. 

No. 29. F. K., age 37. A comminuted fracture of distal end of radius. No displacement. 


Cranking a car. 


No. 30. F. B., age 30. Fracture of radial styloid. No displacement. Cranking a car. 
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character or contour, or both; or is this an 
area in which the full effects of leverage 
forces generated in the hand are seen? The 
latter view was held to be the correct one. 
Cancellous bone is probably as strong as 
cortical bone, in its proper rdéle, but its 
function is different. It seems to act as an 
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Instrument for condensing or focusing 
forces into the smaller diameter occupied 
by cortical bone. Jansen wrote: “Summing 
up what previous chapters have taught 
concerning the structure of cancellous 
tissue, we come to the following concep- 
tion: the lines along which pressure stresses 


PLATE I. 
No. 31. W. H., age 9. Fracture of both bones in the distal third. Cranking a car. Atypical. 
No. 32. E. W., age 13. Fracture of both bones in the distal third. Cranking a car. Circle 


passes through fracture line. 


No. 33. H. B., age 35. Fracture of distal end of radius with ulnar styloid. Cranking a car. 
No. 34. J. B., age 44. Comminuted fracture of distal end of radius with ulnar styloid fracture. 


Cranking a car. 


No. 35. S. P., age 24. Fracture in distal end of radius with ulnar styloid fracture. Cranking 


a Car. 


ing a car. 


No. 36. N. B., age 18. Fracture in the distal end of radius with ulnar styloid fracture. Crank- 


No. 37. D. P., age 42. Fracture of radial styloid. No displacement. Fell down stairs. Resem- 


bles a Chauffeur’s. 


No. 38. H. B., age 32. Fracture of radial styloid. No displacement. Sustained in a fall. Re- 


sembles a Chauffeur’s. 


No. 39. J. Y., age 31. Fracture of radial styloid. No displacement. There is distortion pres- 
ent owing to the rotation of the bones when the film was taken. Fell from a ladder. Resembles a 


Chauffeur’s. 


No. 40. F. M., age 34. Fracture in the distal end of the radius. No displacement. Fell off a 


truck. Resembles a Chauffeur’s. 


No. 41. I. Y., age 62. Comminuted fracture in distal end of radius with fracture of ulnar 


styloid. Fell down steps. 


No. 42. E. F., age 77. Fracture of both bones in the distal end. 
No. 43. L. N., age 53. Fracture of both bones in the distal third. In auto accident. 
No. 44. J. G., age 46. Comminuted fracture of the distal end of radius. Unusual violence. 


Fell from a ladder. 


No. 45. M. M., age 35. Comminuted fracture of the distal end of the radius. 

No. 46. E. B., age 40. Impacted fracture distal end of radius. Circle passes through fracture 
line, although ulna is slightly short, with an unusually large styloid. 

No. 47. J. D., age 35. Fracture in distal end of radius with fracture of ulnar styloid. Unusual 


violence. Fell down stairs. 


No. 48. A. M., age 41. Fracture in distal end of radius. Circle misses by 0.5 cm., but 
note the rotation of the radius in taking the film. Such a fracture will fall on the line in a direct 


a-p view. 


No. 49. S. I., age 49. Fracture in the distal end of radius with fracture of the ulnar styloid. 
No. 50. J. M., age 30. Comminuted fracture in the distal end of radius with ulnar styloid 


fracture. 


No. 51. J. N., age 63. Fracture in the distal end of radius. Note the ulnar styloid shadow in 
the middle of the distal end of the ulna. The compass point is placed at the usual site on the ulna, 
ignoring the rotation of the ulna when the film was taken. 

No. 52. E. S., age 31. Fracture in the distal end of radius with ulnar styloid fracture. 

No. 53. M. M., age 43. Fracture in distal end of both bones. 

No. 54. C. D., age 65. Fracture in distal end of radius with ulnar styloid fracture. 

No. 55. M. F., age 42. Fracture in distal end of both bones. 

No. 56. F. D., age 26. Fracture in distal third with callus formation. There is some rotation 
in taking the film, so that the circle misses the convex flare of the radius. The fracture is a true 
atypical fracture, in that it shows a fracture of the ulnar styloid associated with a fracture in the 
radius at an unusual level, well proximal to the circle. Fell while intoxicated. 

No. 57. G. S., age 38. Comminuted fracture in distal end of radius. Fell down steps. 

No. 58. H.L., age 49. Fracture in distal end of radius with ulnar styloid fracture. There is dis- 
tortion of the film because of rotation, and an unusually long ulna. Circle misses by 0.5 cm. 

No. 59. A. S., age 48. Fracture of the radial styloid and a spiral fracture in the distal end of 


the ulna. 


No. 60. F. S., age 34. Fracture in distal end of right radius. Circle misses slightly. Note the 
unusually Iong and peculiarly shaped distal end of the ulna. Slight rotation in taking the film. 
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‘ No. 61. A. B., age 46. Fracture in the distal end of radius. Circle misses. Note the long ulna. 
In this case, the os capitate was very much shortened, because of old fracture or disease, and the 
case was the only one like it seen in the last five years. The condition in the os capitate was not 
acute, or of recent origin and was undiagnosed. 

{ No. 62. A. H., age 52. Fracture in the distal end of radius with ulnar styloid fracture. Circle 

; misses, Owing to rotation in taking the film. 

- | No. 63. C. B., age 39. Comminuted fracture in the distal end of radius. Fell down steps. 
Note that the use of the circle determines the amount and direction of displacement at a glance. 
a It may pass through the end of the fracture line on either fragment, depending upon which 
fragment is displaced out of line with the hand. 

No. 64. A. R., age 49. Fracture in the distal end of the radius and ulnar styloid fracture. The 

: circle here passes through the end of the fracture line on the distal fragment. The medial displace- 

4 ment of the ulnar styloid fragment in this case was the only one seen and is included for that rea- 

¢ son. Unusual violence. Fell from a ladder. 

: No. 65. A. K., age 35. Comminuted fracture in the distal end of radius. Unusual violence, 

Fell down steps. 


No. 66. J. R., age 60. Comminuted fracture in the distal end of radius with ulnar styloid 
fracture. Unusual violence. Fell down steps. 
: For remainder of legend see opposite page. 
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run through bones, are represented by 
fasciculi of bone elements which fuse 
whenever the pressure lines are close 
together, but leave spaces between them 
whenever the pressure lines pass through 
relatively large transverse areas—as in 
joint surfaces. In each position of the joint 
surfaces a series of pressure lines passes 
from one bone to the other. So in the first 
place the number of these positions, Le., 
the mutual mobility of the joint sur- 
faces determines the texture of cancellous 
tissue.” 

It seems reasonable to believe that a 
fracture will always occur in the area of 
greatest stress. The fracture line occurs in a 
more proximal position in children, through 
cortical bone. Presumably this area of the 
shaft in a child’s radius is as strong as other 
portions of the same bone. 

7. Why do patients in the years from 
8 to 16 sustain epiphyseal separations? 

It is true that radial epiphyseal separa- 
tions in the majority of cases tend to occur 
between these years, and this condition has 
been taught as an entity, unrelated to other 
lesions. If one observes the fracture line in 
different age groups, he will find the 
younger the patient, the greater will be the 
distance of the fracture line from the wrist 
joint (1 to 114 inches). (Plate 1, Figs. 1-24.) 
As age increases, the fracture line ap- 
proaches the wrist joint, until in the adult 
it is usually 14 to 34 inch from the joint. 
As the center of rotation in the distal ulnar 
end moves distally, and the fracture line 
tends to fall closer to the wrist joint, a 
period of growth arrives in the years from 
8 to 16, in which the zone of greatest stress 
coincides with the distal radial epiphysis. 
It appears that the area of greatest stress in 
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the radius moves distally with the distal 
growth of the ulnar styloid area. That the 
epiphyseal line is not an especially weak 
area, prone to separation with fracture of 
Its margins, is amply demonstrated by the 
fact that for the years prior to the age of 
8 or 9, fracture may occur proximally while 
the epiphysis escapes injury. (Plate 1, Figs. 
3, 5, 6, 14, etc.) 

8. In relation to the mechanics of fracture 
production, does the theory of ligamentous 
action in tearing off the distal end of the 
radius find support in this study? 

No. If the theory of ligamentous action 
Is accepted in the mechanism of fracture 
production, it is necessary with the same 
theory to explain: (1) the impacted frac- 
ture; (2) the comminuted fracture with a 
v or T line extending into the articular 
surface; and (3) the suprastyloid fracture 
in children, in which the fracture is above 
the attachment of the ligaments. Also, if 
the ligamentous theory is accepted, it must 
be assumed that the ligaments on the flexor 
surface of the wrist are always stretched to 
their limits in a fall on the hand. That is 
to say, that an individual always falls on a 
hand held in extreme dorsiflexion. This was 
thought improbable. 

It seems more logical to believe that 
ligaments about a joint come into play 
only when the muscles which control the 
movements in the joint have been ruptured 
or stretched to their utmost. In the case of 
muscles stretched to their maximum length, 
they may then act as ligaments across the 
joint line. 

T and v fractures into the joint surface 
are thought by some to represent the result 
of greater force. This is reasonable, but 
raises the question of why we should 


No. 67. M. G., age 38. Comminuted fracture in the distal end of radius with ulnar styloid 
fracture. Unusual violence. Fell from a stepladder. 

No. 68. J. K., age 17. Fracture in distal third of radius with longitudinal fracture of the 
ulna. Note how the bending of the ulna toward the radius causes the circle to miss the fracture 


line. This arm was caught in a high speed lathe. 


No. 69. A. O., age 37. Fracture in the distal end of radius. Circle misses slightly. Note the 


short ulna. 


No. 70. E. R., age 52. Fracture in the distal third of radius. Circle misses. Atypical. 
No. 71. J. J., age 22. Fracture in the middle third of radius with ulnar styloid fracture. Circle 


misses, Atypical. 


No. 72. E. A., age 4. Full length view of the forearm bones. 
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observe this type of comminution, rather 
than another fracture more proximal in the 
same bone or in the humerus. The sugges- 
tion is offered, that with extreme violence, 
the comminution is the result of complete 
utilization of the protective articular mech- 
anisms of the body, such as joint rotation. 
The T or v comminution is a spiral or 
oblique fracture of the fragment, and 
would seem to indicate a torsion force 
acting on the fragment. 

g. Are growth changes in the distal end of 
the radius and ulna of any importance in 
this study? 

Growth changes here are considered 
very important and are briefly described, 
as well as illustrated in the accompanying 
figures. (Plate 1, Figs. 1-24.) These changes 
are also clearly shown in the monograph by 
Eliason et al. Before the age of 6 or 7 
months, the carpus as recorded by the x-ray 
is devoid of any ossification center. The 
hand at this age and for the first few years 
of life is a flexible flipper hand, in which the 
cartilage component is much higher than 
in that of the adult. It may be assumed 
that this cartilaginous hand and carpus do 
not function as a firm unit for leverage in 
quite the same manner as do the more rigid 
bony hand and carpus of the adult. The 
ratio of the length of the hand and carpus 
to the length of the forearm is changed by 
growth to adult life. One newborn wrist 
(Figs. g and 10) was measured, and the 
distance from the tip of the third finger to 
the radiocarpal joint was equal to the 
length of the forearm when measured from 
the radiocarpal joint to the anterior flexion 
crease of the elbow. A few adult measure- 
ments made from the proximal volar 
flexion crease at the wrist to the tip of the 
third finger in one direction, and to the 
flexion crease of the elbow proximally, 
demonstrated an approximate ratio of 
seven for the combined length of the hand 
and carpus to nine for the length of the 
forearm. The changing ratio of length, as 
well as the flipper-type hand of the child, 
are factors to be considered in a fracture 
study of the forearm bones at this age. This 
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newborn wrist was dissected primarily to 
learn whether or not the anatomic relation- 
ships about the medial ligaments of the 
wrist, and the attachment of the triangular 
fibrocartilage, were the same as in the 
adult. They were found the same. 

Approximately at 6 months the ossifica- 
tion center for the os capitate begins to 
appear. At this age, there is no epiphyseal 
plate for the radius or ulna. Both bones are 
straight, with a slight concave flare at the 
distal end, on either side of each bone. It is 
especially important to notice that the level 
of the distal end of the ulna is from 14 to 
16 inch proximal to that of the radius. At 
18 or 20 months, the radial epiphyseal plate 
becomes visible. The ulna is still short. 
Centers of ossification for the os capitate 
and hamate bones are visible. At three 
years, the ossification centers for the 
capitate, hamate and triangular bones are 
present, while the ulna remains short. At 
7 or 8 years, all bones are present in the 
carpus and the epiphyseal plates of the 
radius and ulna are present. 

At this age, from 7 to g years, when all 
the bones of the carpus are shown, certain 
changes occur in the radius. It loses its 
slight concavity along the distal borders, 
and begins to show a bulging outward 
above the epiphyseal line. At the age of 
14 or 14 years, the lateral side of the lower 
end of the radius is convex outward; while 
the lower articular surface of the radius has 
been drawn distally, owing to the more 
rapid growth of the radial styloid, so that 
the radial articular surface now faces 
toward the ulnar side of the carpus. It is an 
interesting fact that this developing lateral 
convexity of the distal end of the radius, as 
well as the directional change in the facing 
of the distal radial articular surface toward 
the ulnar side, are both concurrent with the 
development of the ulnar styloid. The 
distal end of the ulna is still found to be 
somewhat proximal to its final adult posi- 
tion in relation to the radius. 

At the age of 17 to 19 years, the epiphysis 
in each bone has united, leaving both the 
radius and ulna with an outward convexity 
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at the distal end. The convexity of the 
radius above its styloid is the much more 
striking of the two. The ulna has now 
assumed its adult position in relation to the 
radius, in which the distal end of the ulna 
is at the level of the ulnar side of the distal 
articular surface of the radius. 

There is danger of confusing cause and 
effect in seeking the answer to the question 
of whether or not these growth changes in 
the bone contour represent the effect of a 
continuous rotatory force, centered in the 
distal end of the ulna, and acting in the 
coronal as well as in the sagittal plane. In 
such a debatable field, it is sufficient to 
recognize these changes, and to stress the 
most important point of all; namely, that 
the growth changes in the two bones are 
concurrent. In the light of the above 
observations, it may be fairly stated that 
the shape of the radial styloid and the 
ulnar-faced curvature of the distal radial 
articular surface are admirably fashioned 
and buttressed to receive and sustain 
pressure forces from a carpus moving along 
the circumference of a circle, whose center 
is found in the styloid of the ulna. 

10. Why is the lateral view of the x-ray 
film in suprastyloid fracture ignored? 

It is unnecessary to discuss the lateral 
view of these fractures. The dorsal rotation 
of the fragment is obvious and well known, 
and lateral views are more difficult to read. 
If the lateral end of the fracture line 
inevitably falls in the radius at a point 
equidistant with the second carpometa- 
carpal joint, from the base of the ulnar 
styloid, it will be equidistant by measure- 
ment in any plane. 

11. Does the circle, upon which the classi- 
fication is based, intercept the junction of the 
fracture line and the lateral border of the 
radius exactly in every case? 

No. The circle may miss the fracture line 
a distance of 0.5 cm. or so in the occasional 
case. It is not strictly applicable to trans- 
verse fractures at the base of the 
radial styloid (chauffeur’s), although this 
fracture falls within its circumference. This 
fact accentuates the value of the circle. The 
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mechanics of a fracture by backfire force are 
probably different from those in a fallon the 
hand. Fracture of the radial styloid base is 
a typical fracture for backfire force, but it 
is atypical when received in a fall on the 
hand. The circle test is more apt to fall 
astray in epiphyseal separation than in any 
other condition, possibly because the entire 
distal end of the ulna may bend without 
fracturing in children, causing the actual 
center of rotation in the ulna to fall at some 
point proximal to the distal end. The 
application of the test to reversed Colles’ 
found it true in some cases and not in 
others. A clue as to why it may or may not 
work in reversed Colles’ may be seen in the 
fact that some are true reversed fractures, 
and others are anterior fracture disloca- 
tions of the wrist. 

An incidental result of continued ap- 
plication of the circle test is a tendency to 
examine the films much more closely than 
heretofore. Small amounts of distortion by 
rotation in taking the film are noted. An 
occasional short ulna, or an adult radius in 
which the Iateral convexity is poorly devel- 
oped, are quickly noticed. 

12. Ina subject of this importance, dealing 
with an area in which most fractures occur, 
would it not be wise to make a complete study 
of consecutive fractures in the forearm bones 
in all the different fracture sites? 

This was considered necessary in estab- 
lishing the classification. The circle test, to 
be of any value in classifying these lesions 
into one mechanical group, must include 
all typical fractures and must exclude all 
atypical fractures. Ashhurst! wrote: “‘the 
more one studies the subject, the fewer 
exceptions he will find to the general laws 
of mechanics; and the more his experience 
increases, the easier it will become to 
recognize the variants from the typical 
lesions.” 

At the outset, the films of all fractures of 
the radius and ulna in the x-ray files of the 
Episcopal Hospital in 1931 and 1932 were 
studied. They are listed below. 


1. Suprastyloid fracture of the radius, combined 
with ulnar styloid fracture.............. 
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2. Suprastyloid fracture of the radius, minus frac- 
ture of the ulnar styloid................ 122 
(74 were 15 years of age or younger; 48 were 
over 15 years of age.) 
3. Suprastyloid fracture of both bones near the 
(Oldest was 15 years; youngest 15 months; 
majority were 3-10 years of age.) 
(Two of these, age 9 and 13, were sustained 
in cranking a car.) 
4. Epiphyseal separations of the radius......... 30 
(1 age 8; 2 age 9; 3 age 10; I age 11; 4 age 12; 
5 age 13; 5 age 14; 3 age 15; 3 age 16; 1 age 
17; I age 18; 1 age 19.) 


5. Fracture of the radial styloid............... 25 
(17 of these were sustained in cranking a 
car.) 
6. Fracture of the ulnar styloid alone........... 7 
(Usually by direct violence.) 
8. Fracture of both bones proximal to the supra- 
g. Fracture of the radius alone, other than head, 
16 


(In upper third 10; 4 age 9, 1 each at 10, 11, 
12, 13, 16 and 27.) 
(In middle third 6; ages 5 (2), 6, 10, 11 and 


17.) 
10. Fracture of the ulna alone, aside from the 
(11 of these were spiral or oblique in upper, 
middle and distal thirds.) j 
(6 were step fractures and one was green- 
stick.) 
11. Fracture of head and neck of radius......... 28 
(5 of these were associated with posterior 
dislocation of the elbow.) 
12. Fracture of the coronoid process............. 5 
13. Fracture of the olecranon process............ 13 


Fractures in the last two groups were 
often associated with other fractures about 
the elbow, often atypical. In order to gaina 
better idea of the ages of the epiphyseal 
separations, a second group of fifty-two 
was studied. The ages were: one age 2; one 
age 4; one age 7; two age 8; three age 9g; 
three age 10; two age 11; thirteen age 12; 
nine age 13; nine age 14; four age 15; three 
age 16; one age 18. 

The first four divisions are placed in one 
group by the circle test, and represent 
more than 50 per cent of all forearm 
fractures. 

It was noted that oblique, spiral and 
so-called step fractures occurred in areas 
which are not protected by an adjacent 
joint permitting rotation. Fractures in 
bones near joints which permit free motion 
in more than one plane are commonly 
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transverse fractures. Examples of this are 
seen in the transverse fracture of the 
surgical and anatomic necks of the humerus 
and the femur; in the supracondylar frac- 
ture near the elbow, where with the hand 
fixed, the extremity may rotate on the head 
of the radius; and in the suprastyloid frac- 
ture of the radius. Aside from the styloid 
and olecranon, spiral fractures are typical 
for the ulna. 

The conditions existing in the radius are 
unusual and a spiral or oblique fracture is 
atypical for this bone. The radius is so 
arranged that rotation for the entire bone 
is easily permitted, in that it is a parallel 
bone to the ulna, where the ulna represents 
the fixed portion of this arrangement. The 
wrist joint is a diarthrodial joint, allowing 
motion in two planes so freely as to 
resemble the free rotatory motion of an 
enarthrodial joint. This movement of the 
wrist joint is possible, however, only in 180 
degrees extension, and becomes progres- 
sively less as one approaches complete 
dorsal flexion, in which position the carpus 
is fixed in the joint, and the movements of 
radial and ulnar deviation completely dis- 
appear. Dorsal flexion is the position of the 
hand in falling, and the movements of the 
wrist in this position are limited. One might 
question the rotation entering into this 
arrangement, which could protect the 
suprastyloid area from a twisting force. 
The answer is found in the fact that the 
ulna is free to rotate on its own axis in 
the distal radio-ulnar ‘joint, and with the 
humerus, it rotates around the head of the 
radius when the elbow is extended and 
the hand is fixed. 

Spiral and oblique fractures, which may 
be assumed to represent the result of 
torsion forces, are commonly found in the 
middle of the shafts of the long bones, as in 
the humerus, the ulna where the spiral and 
so-called ‘‘step” fractures are the rule, and 
in the middle and distal thirds of the tibia 
where, with the knee in the extended 
weight-bearing position, there is an absence 
of any protective rotatory joint motion. 
They are also seen in the distal fragment in 
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the T or Vv comminuted fracture of the 
suprastyloid area. 

The films pictured in the three plates 
were selected to show the less accurate 
applications of the circle test and the 
reasons therefore. Some cases showing its 
exact application are interspersed. In order 
to show the growth changes, the figures in 
Plate 1, Figures 1 to 24 are arranged in the 
order of increasing age. These are routine 
films taken by Dr. R. S. Bromer, former 
roentgenologist to the Episcopal Hospital. 


SUMMARY 


The leverage effects of the hand and 
carpus in the production of suprastyloid 
fracture in the radius by a fall on the hand 
have been studied. Applied anatomy from 
original dissections; an analysis of all types 
of fractures of forearm bones for a two year 
period; and a series of x-ray films with 
illustrative circles drawn, have been pre- 
sented in an effort to correlate the applied 
anatomy of the region with the known 
incidence and location of fracture as 
recorded by x-ray. A classification based 
upon a circle test used in anteroposterior 
films is submitted. 


CONCLUSIONS 


The location of the fracture line in the 
distal end of the radius, sustained in a fall 
on the hand, bears an unchanging relation- 
ship to the bones of the carpus, irrespective 
of the patient’s age. This relationship is 
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demonstrable in a high enough percentage 
of cases to remove it definitely from the 
realm of coincidence. It is suggested that 
epiphyseal separation in the distal end 
of the radius, is the result of increased 
stress occurring at that site during a certain 
age period, and not the result of an assumed 
weakness.of the epiphyseal line. 


Anatomic material was provided by the 
unfailing generosity of Dr. E. R. Clark, Pro- 


fessor of Anatomy in the Medical Department 


of the University of Pennsylvania. I am in- 
debted to Mr. B. B. Varian in the same depart- 
ment for the pictures of the dissections shown 
in all the figures, and for the film photographs 
shown in the plates. Dr. Lowry Allen, roent- 
genologist to the Episcopal Hospital, kindly 
made the films pictured in Figures 12, 13, 14 
and 15. Lettering, numerals, and the diagram- 
matic sketch shown in Figure 6, are by Miss 
Edna Hill of the University of Pennsylvania 
Hospital. 
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ACROMIOCLAVICULAR AND STERNOCLAVICULAR 
JOINT INJURIES* 


NeEtson J. Howarp, M.D. 


SAN FRANCISCO, CALIFORNIA 


HE clavicle is unique in that while 

acting as the principal support that 

keeps the shoulder girdle from collaps- 
ing upon the thoracic cage, the clavicular 
articulations at both its inner and outer 
ends mechanically are the most unstable 
joints in the body, being entirely dependent 
upon the ligamentous attachments for 
their integrity. That the acromioclavicular 
and sternoclavicular joints are not more 
often subluxated, is probably due to the 
great range of the glenohumeral and 
scapulothoracic movements. The one force 
to which the clavicular joints will yield 
most readily is a lateral thrust. Should the 
thrust be sudden, violent and directly from 
the side, dislocation of the sternal end 
of the clavicle is most likely to occur. When 
the lateral thrust has a caudad component, 
or particularly if it acts from the posterior 
aspect of the shoulder, the acromioclavicu- 
lar joint bears the strain, and may vield 
with partial or complete dislocation. While 
fracture of the clavicle is common in child- 
hood or adolescence, true acromioclavicular 
or sternoclavicular dislocation rarely occurs 
at these ages, and is almost always en- 
countered in adults, in whom clavicular 
dislocations are far more frequent in 
relation to the number of clavicular frac- 
tures than in children. 

According to the amount of force and the 
time through which it acts, injuries of the 
acromioclavicular joints may be divided 
into sprains, incomplete dislocations (sub- 
Iuxations) and complete dislocations of the 
joint. In the sprain, pain on motion of the 
arm, particularly on elevation or load lifting, 
tenderness at the joint, and local swelling 
are encountered. At times, abnormal mo- 
tion, not found on the normal uninjured 
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joint, is encountered. Naturally, the transi- 
tion stage from sprain to separation is not 
great, and it is often difficult in the first few 
days to judge whether the injury is a 
severe sprain or partial subluxation, until 
the response to therapy is observed. There 
are no demonstrable changes found in the 
radiographs of such cases. 

When greater force has acted, definite 
abnormal false motion is present, the 
tenderness and swelling of the joint is 
marked, and usually marked difficulty is 
experienced in the use of the injured limb. 
In x-rays of the shoulder, (anterior-poster- 
ior) taken with the patient sitting or 
standing, the outer end of the clavicle is 
found displaced upward from 2 to 4 mm. 
above its usual level in relation to the 
acromion. In such incomplete dislocations 
of the acromioclavicular joint, the superior 
and inferior acromioclavicular ligaments 
are torn, and not infrequently, there is 
evidence that the coracoclavicular liga- 
ments may suffer damage of varying extent 
as well. 

In complete acromioclavicular disloca- 
tion, attempted elevation of the injured 
arm increases the obvious deformity, and 
the clavicle may ride above and project 
beyond the medial articular border of the 
acromion. It is not fully recognized that 
posterior displacement of the clavicle in 
relation to the acromion Is present in every 
case as well. By comparing the anterior- 
posterior radiographic projection (Fig. 1) 
with the lateral view of the same case, this 
wide separation is vividly portrayed. Such 
lateral roentgenograms may possibly be of 
value in determining the true degree of 
some of the severe “‘incomplete”’ acromio- 
clavicular separations, for the roentgen- 
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ologist’s appreciation of the true clinical 
condition often is at variance with the 
physical signs found in the injured shoulder. 


Fic. 
with patient standing, showing a clinically 
complete acromioclavicular dislocation with 
tear of trapezoid and conoid coracoclavicular 


ligaments. 


1A. Anteroposterior roentgenogram taken 


Sir Robert Jones! remarked of acromio- 
clavicular dislocations; “Replacement is 
easy. Retention of the bones in position 
long enough to insure strong repair Is 
almost entirely neglected by the majority 
of the profession.”’ His form of treatment 
consisted in the use of the brachioclavicular 
sling, and apparently in his hands it was 
quite adequate. There are many modifica- 
tions of this device, and all employ the 
general principle described by Jones. In- 
ability to maintain the reduction, pressure 
phenomena about the tip of the olecranon, 
and probably unintelligent use of the 
method gradually led to the conception 
that complete acromioclavicular disloca- 
tions never healed without excess mobility, 
and that frequently a painful, unstable 
arm and shoulder were the result of the 
injury. 

Operative methods varied from the use 
of a single wire suture, bone pegs, bone 
grafts, to the insertion of a long thin wood 
screw through the acromion, across the 
joint, into the clavicle. While at first glance, 
these efforts seemed to solve the problem, 
In practice, wires or pegs broke, screws went 
astray unless guided by a sharpshooter, and 
the essential point of restoration of joint 
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function, controlled motion, was neglected. 
The acromioclavicular joint, a diarthrodial 
articulation, is constructed for motion. 


1B. Lateral roentgenogram of same 
shoulder, showing marked dislocation of 
clavicle backwards. The extent of separa- 
tion cannot be appreciated in stereo- 
roentgenograms. 


Fic. 


One ordinarily thinks of shoulder motion 
taking place at the glenohumeral joint, 
and while recognition of concomitant 
movement is universal, the part played 
by acromioclavicular and sternoclavicular 
joints is often lost sight of. Mollier,? whose 
studies are not generally available, gives 
the range of motion in the joints as follows: 


Degrees 

Acromioclavicular joint axes: 

Sternoclavicular joint axis: 


He has demonstrated very clearly that 
for every change in position of the scapula, 
there is a corresponding change in the posi- 
tion of the clavicle reflected by movement 
at these two joints, and if either or both 
should be fixed and immobile, the total 
range of shoulder motion would be mark- 
edly impaired. 


4 
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A B 

Fic. 2. A, ametal right angled external elbow splint is well padded with saddler’s 
felt. The patient’s arm is heavily wrapped with cotton sheet wadding. The 
splint is applied to the arm with adhesive and gauze bandage. Then the 
acromioclavicular region is injected with 1 per cent novocaine, the disloca- 
tion of the joint reduced, and the elastic traction bands applied as shown. 
The traction bands are made of 2 inch cotton webbing, sewed to a central 
2 foot strip of heavy 2 inch woven elastic webbing. s, back view. Note that the 
posterior vertical traction strap (gray striped) is carried beneath the en- 
circling body strap. This holds the arm to the side securely. After two or three 
weeks in complete dislocations, the elastic vertical strap may be placed out- 
side to allow beginning shoulder motion. 


D 
Fic. 2. c and p, side views. Both strap crossings are anchored by slotted felt 
pads, which also ensure comfort. 


| 
a 
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Bunnell* realized the inadequacy of 
operative treatment by fixation, and 
stressed the fact that the tearing of the 
coracoclavicular ligaments was the essential 
feature in complete acromioclavicular dis- 
locations. He devised a fascial suture 
plastic reconstruction of these structures as 
well as suture with fascia and silk of the 
acromioclavicular joint itself. Henry‘ of 
Minnesota had previously used such a 
method, and later described the operation. 
Ralph F. Bowers® reported six cases in 
which reconstruction of the ligamentous 
apparatus was carried out by means of 
heavy braided silk. The results of the 
operation in the hands of these surgeons 
were good. It cannot be said, however, that 
as a whole, the operative reconstruction 
of the ligaments has been followed by early 
return to work without residual disability. 

Since 1932, in the Fracture Clinic of the 
Stanford Surgical Service, we have used a 
modification of the brachioclavicular sling 
which has proved satisfactory and ade- 
quate in the complete as well as the incom- 
plete subluxations of the acromioclavicular 
joint. The effectiveness of the splint de- 
pends upon (1) immobilization of the elbow 
of the injured arm at a right angle, thus 
furnishing—a stable fulcrum from which 
effective upward traction of the arm and 
shoulder may be obtained; and (2) the use 
of elastic traction at the same time pressing 
downward upon the clavicle while the 
splinted arm, with its acromion, is pulled 
upward. The principles embodied in the 
splint are far from new, but the simplicity 
of the apparatus, and its effectiveness 
recommend its use. (Fig. 2.) 

Certain suggestions may be added that 
may seem unnecessary, but in the light of 
teaching experience and practice deserve 
restatement. No splint on application 
reduces a fracture or dislocation by itself. 
The act of reduction must first be 
accomplished by the physician and then 
maintained by proper application of the 
apparatus. Novocaine (1 per cent, 10 to 15 
c.c.) Is usually sufficient for anesthesia and 
muscular relaxation. In these complete 
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dislocations with the acromion riding 
forward under the clavicle, the operator’s 
fist in the patient’s axilla serves asa fulcrum, 
and the patient’s arm can be brought to the 
side of the body, levering the shoulder girdle 
and the acromion laterally from beneath 
the projecting clavicle. The flexed and 
splinted elbow is then pressed upward and 
backward, while the operator’s opposite 
hand shoves the clavicle down and forward 
into its accustomed articulation with the 
acromion. 

The dislocation reduced, the elastic and 
cotton webbing strap from the elbow is 
crossed over the injured shoulder, held in 
place above medially on the clavicle by 
slotted felt pads; crossed again in the oppo- 
site axilla (a similar slotted felt pad 
prevents chafing and “riding up” at this 
crossing) to encircle the body for final 
buckling or fastening. The slotted felt pads 
are important in that they insure the strap 
crossings’ remaining in the desired position 
and prevent “‘creeping”’ as well as chafing 
of the skin. 

For the first two weeks arm motion is 
prevented by passing the encircling body 
strap over the posterior vertical traction 
band of the arm. After a fortnight, the 
encircling body strap may be passed 
directly around the body, leaving both 
vertical arm traction straps free. The 
patient may then abduct, forward flex, and 
rotate the shoulder within a fairly wide 
range (70 degrees) without pain or recur- 
rence of the dislocation, and so prevent 
shoulder stiffening and contracture. The 
splint should be used for four to five weeks 
in all complete separations, following which 
the usual muslin sling may be used until 
elbow and shoulder motions, encouraged 
by exercise, are quite free and comfortable. 

Since 1932 we have treated thirty 
acromioclavicular joint injuries in the 
fracture clinic of Stanford Surgical Service 
and in private practice. The severity of the 
injuries and the end results are summarized 
in the accompanying charts. Naturally, 
sprains of the joint recover promptly, but 
as mentioned before, the gradation from 
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severe sprain to subluxation is not sharp, The virtue of the splinting method is best 
and the more disabling sprains recovered shown in the ten complete acromioclavicu- 


quickly with the use of the brachioclavicu- lar dislocations (Chart 111). All of these 


ACROMIO-CLAVICULAR SPRAIN 


AGE |SEX| TREATMENT | 
17 years|Male | Strapping None (school boy) 
21 years |Male | Sling 10 days 
16 years |Male | Sling 6 days 
2Oyears | Male | Sling Not followed 
33 years | Male | Sling 10 days 
47 yeors | Male | Strapping and sling 8 days 
21 years | Male | Strapping and sling 6 days 
40 years | Male | Strapping and sling 21 days 
33 years | Male ee 6 days 
| Not followed 


Averaae age —28 years. 


Average disability -8.3 days 


CHART I. 


lar traction splint. Relief of pain was note- 
worthy in every case in which the splint 
was used. Most of the patients had strap- 
ping, muslin slings or Velpeau’s bandages 
when first seen. The relief is immediate and 
coincident with real support of the weight 
of the dependent arm. (Chart 1.) 


patients have returned to active work, have 
been followed, and have remained free of 
pain, and of instability of the shoulder 
joint. (Fig. 3.) 

An injury similar in nature and occa- 
sionaly accompanied by subluxation of the 
acromioclavicular joint is fracture of the 


ACROMIO-CLAVICULAR SEPARATIONS, INCOMPLETE. 


AGE SEX TREATMENT DAYS OF DISABILITY |PERMANENT DISABILITY 

12 years Male 16 days 16 days None 
45 yeors /|Female 55 days None -returned to work 
27 years | Male ao ge cel 65 days None-returned to work 
21 years | Male 7 34 days None —returned to work 
65 years Male 29 days None —returned to work 
26 years | 
33 years Male yr ‘ 48 doys None 


Average Age —32.7 years. 


Average period of disability-43.2 days. 


Permanent disability-none. 


CHART II. 


In the incomplete separations or sub- 
luxations, the results were quite as satisfac- 
tory with an average of 43.2 days away 
from work; no permanent disability re- 
mained. (Chart 11.) 


outer end of the clavicle distal to the inser- 
tion of the coracoclavicular ligaments. 
Without tear of the coracoid and trapezoid 
ligaments the displacement of fragment is 
minimal and is easily treated, occasionally 
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with a simple sling. When the ligaments are 
torn, however, the displacement may be 
extreme. In such patients the brachio- 
clavicular splint was effective in maintain- 
ing alignment and contact of the frag- 
ments. (Chart Iv.) In one patient an 
uncodperative alcoholic transient, no ade- 
quate reduction was obtained and no 
follow-up could be secured. This patient 
had a severe abrasion and contusion of the 
elbow. The application of the brachio- 
clavicular elastic traction splint was fol- 
lowed by ulnar palsy. The one prolonged 
disability was in a patient who developed 
acute renal colic with calculus. He was 
referred to the genitourinary clinic and did 
not carry out the prescribed exercises. 
Prolonged stiffness of the shoulder was the 
result. 

Sternoclavicular dislocations occur far 
less frequently than the separation at the 
outer end of the clavicle. With complete 
dislocations of this joint the extra-articular 
ligamentous structures suffer as well as the 
ligamentous portions of the joint capsule. 
Here the costoclavicular ligament ruptures 
and allows the clavicle to ride forward and 
across the jugular notch. In treatment of 
these infrequent injuries, operation has not 
gained the popularity that reconstructive 
surgery of the acromioclavicular joint 
enjoys. Nevertheless conservative treat- 
ment is often ineffective and results in 
laxity of the joint ligaments and recurring 
subluxation on heavy effort, which is rarely 
disabling to an extreme degree. 

Those hopeful methods that attempt to 
maintain the medial bulbous clavicular end 
in its shallow articular facet by pressure 
pads over the joint are useless. They 
conceal the recurring dislocation beneath 
layer on layer of adhesive. The shoulder can 
be used as a fulcrum to good purpose, how- 
ever, and by applying a well fitted clavicu- 
lar cross, and by so pulling the shoulders 
and the clavicle up, out and back, one can 
maintain the sternoclavicular joint in its 
normal relations until the costoclavicular 
and articular ligaments are healed. The 
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joint can be inspected at all times and the 
splint readjusted. At least four weeks of 
constant wearing of the cross splint are 


Fic. 3. A, complete acromioclavicular dislocation with 
the clavicle overriding the acromion, while the en- 
tire shoulder girdle has dropped down and for- 
ward. One’s fist in the patient’s axilla serves as a 
fulcrum, the patient’s arm serves as a lever, and 
adducting the elbow to the body forces the shoulder 
girdle outward to allow reduction of the disloca- 
tion. B, same joint twenty-seven months later. 
Clinically there is no deformity, no false motion, 
no pain and no limitation of motion as compared 
with the normal shoulder, in spite of mild arthritic 
changes in the joint. 


necessary to allow adult normal tensile 
strength to be developed in the torn 
ligamentous structures. Three patients 
treated in this manner recovered with no 
false motion or tendency to subluxation of 
the joint, and their average disability was 
fifty-four days. One of these patients 
suffered an oblique fracture of the inner end 
of the clavicle, splitting the joint surface, 
the subsequent displacement taking the 
form of the usual sternoclavicular disloca- 
tion. The reduction and maintenance of 
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position was carried out in the same months of disability. At the end of that 
manner as for a dislocation. The patient time the injured sternoclavicular joint was 
recovered with normal motion of the _ still subluxated on lifting efforts and was a 


ACROMIO-CLAVICULAR DISLOCATIONS, COMPLETE 


| TREATMENT DAYS OF 
AGE SEX ING, STRAPPING | BRACHIO-CLAVICULAR DISABILITY PERMANENT DISABILITY 
YEARS OR BANDAGE SPLINT 
30 | Male 4 days 34 days 51 days None-returned to work 
29 | Male 5 days none 30 days 49 days None-returned to work 
48 |Female —aa 35 days 56 days None-returned to work 
33 Male days 
sling ISdays | Splint-55 days 120 days None-returned to work 
24 Male —_—_ Splint-35 days 46 doys None-returned to work 
69 | Mole —_—_ Splint -42 days 84 days None-returned to work 
48 Male — Splint-22 days 75 days None-returned to work 
32 Male |Strapping3days | Splint-30 days 42 days None -returned to work 
57 #| Male —— Splint-36 days 130 days 10 degrees loss forward 
flexion 
20 degrees loss of 
abduction 
17 Male [Strapping 26 days 47 doys Abnormal mobility still 
present - pain in heavy 
lifting. 


Average Age—- 38.7 yeors. Permanent Disability * Head injury, marked scapulo- 
humeral, acromio-clavicular and 


Average Disability — 70 days. spinel arthritis 
(%) 1932 — Inadequate treatment by 
strapping only. 


CHART III. 


shoulder, but with excess callus at the site source of minor distress. The other patient 
of injury. One may contrast treatment was treated with adhesive pads across the 
with the clavicular cross with other forms joint surface and a sling for the forearm. 
as shown by two patients in Chart tv. One Across was applied, but the patient refused 


FRACTURE OF CLAVICLE INVOLVING ACROMIO-CLAVICULAR JOINT. 


AGE ha DAYS OF 
YEARS SEX SLING, BANDAGE BRACHIO-CLAVICULAR | picasiLity PERMANENT DISABILITY 
STRAPPING SPLINT 
Alcoholic trans 
29 Male Sling 14 days Splint 18 doys Titi Ulnar Paisy 
Did not return. 
34 Mole Sling 21 doys Splint 21 days 56 days None- good function 
47 Male | Velpeau bandage 6 days Splint 5 weeks 180 days [Head injury. Brachial 
Plexus neuritis, recovered.) 
None 
Still under 
67 |Femole splint for 2 Adequate splint 4 weeks 
No displocement of frog- 
ments. Fracture between 30 days | None-returned to work 
joint and ligaments. 
STERNO-CLAVICULAR DISLOCATIONS 
26 Mole |Claviculor cross | month | 49 days None 
Aeroplane splint 6 weeks (referred from country) Unstable joint 
33 | Mole ising | month. 6 months | pain on lifting. 
(fracture) 
64 |Femole Claviculor cross 30 days 57 doys None 
(fracture) 37 doys — sent to Prison 
65 Male Adhesive strapping Sling 14 days Deformity and subluxation 
23 doys still present. None. 
50 Male (fracture) 
Claviculer cross 4 weeks 8 weeks None 
CHART IV. 


was. treated with an aeroplane abduction to wear it, and thirty-nine days after the 
splint for six weeks, given a sling for one injury, the deformity still recurred on 
month, and had as a consequence six raising the arm. 


| | 
4 

| 

| 
| 
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SUMMARY AND CONCLUSIONS 


1. Acromioclavicular dislocations, com- 
plete or incomplete, can be adequately 
treated by simple means, and operation is 
unnecessary In most cases. 

2. The retention apparatus must be 
worn for a time sufficient to allow the torn 
trapezoid and conoid, as well as the 
acromioclavicular ligaments, to heal in a 
shortened position and with normal adult 
tensile strength. Four weeks usually suffice. 

3. Asatisfactory simple method of main- 
taining reduction of the acromio clavicular 
joint dislocation is described. 

4. The same means may be used in cer- 
tain fractures of the outer end of the 
clavicle, in which tear of ligaments and 
deformity similar to that in tears of the 
acromioclavicular ligaments occurs. 

5. Sternoclavicular dislocations while 
rare, can be maintained in reduction by the 


Howard—Joint Injuries 


American Journal of Surgery 


291 


clavicular cross and normal joint move- 
ment and stability regained.* 
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dislocations. 


* Since this manuscript was submitted for publica- 
tion, four complete acromioclavicular dislocations have 
been treated with the brachial clavicular traction splint. 
Three patients returned to work with no disability or 
deformity and with normal motion. The fourth, a 
patient who had a fractured carpal scaphoid of the same 
arm, finally came to operation. 
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O general practitioners the recent 

changes which have occurred in the 

treatment of fractures of the neck of 
the femur must present a confusing picture. 
It is our object, therefore, to present a 
concise account of the evolution of the 
various methods of treatment and to indi- 
cate their general usefulness from a clinical 
point of view. 

Among the first to draw attention to 
fractures of the neck of the femur was 
Ambroise Paré.! Although the injury was 
potentially coexistent with man himself, 
it had not been recognized as a clinical 
entity by earlier surgeons and even the 
great Paré looked on the condition as a 
traumatic dislocation. It was only after re- 
peated unsuccessful attempts to reduce 
what he believed to be a dislocated hip that 
he arrived at the correct diagnosis of frac- 
ture of the femoral neck and instituted 
treatment by longitudinal extension. 

Two landmarks divide the treatment of 
fractures of the neck of the femur into 
three eras. Each of the last two eras has 
been remarkable for the introduction of a 
new conception of the care of patients 
affected by this injury and each has been 
accompanied by an equally remarkable im- 
provement in the end results of treatment. 

Fractures of the neck of the femur may 
have been recognized by the ancient 
Egyptians, although no direct evidence of 
this has as yet been found. The first period 
of our arbitrarily divided phase of treat- 
ment therefore begins with the dawn of 
time and ends with the enunciation of the 
Whitman method of treatment in 1905.31"? 
The second period lasted from 1905 until 


1931, and the third began with the general 
acceptance of internal fixation as the 
method of choice in the treatment of these 
fractures. This form of treatment still holds 
the field today among leading orthopedic 
surgeons. 

The Edwin Smith’ and Ebers® papyri are 
the earliest medical records, and it is to 
these that we must refer if we desire to 
have accurate information as to various 
methods of treating fractures in vogue 
during the first period. In the light of the 
means at their disposal the ancient Egyp- 
tians treated fractures excellently. Three 
forms of splinting were in everyday use: 
(1) Paired, bark splints padded with linen 
and moulded to the part. Retention of the 
splint was secured by bandages or linen 
ties. They were comfortable, secured rest 
of the part, and if their almost total absence 
from the Egyptian tombs is a criterion, 
gave excellent results. (2) The second 
variety might be considered the primordial 
ancestor of the present-day plaster cast. 
It was formed by the impregnation of 
several layers of linen by glue or resins and, 
while still soft, was moulded to the limb. 
It hardened to form an accurate mould of 
the affected part. A thousand years later 
we find that Hippocrates still used the same 
materials. (3) A third type of splint was a 
simple wooden peg which was used to gag 
the mouth open during tetanic convulsions 
so that feeding might be carried out. 

In the early centuries the Arabians used 
a mixture of lime and egg white for making 
casts but, by 1798, they were using plaster 
of Paris. Hubenthal introduced plaster 
casts into Europe, but it was the Dutch 


* Read in abstract before the meeting of the Watertown District Medical Society, Watertown, South Dakota, 
November 23, 1937. 


292 


New Series Vor. XLVI, No. 2 


army Surgeon, Mathijsen, who devised the 
plaster bandage i in 1852. In France, splints 
of rushes were in use in the fifteenth and 


— 
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finest piece of apparatus in our fracture 
equipment,’’—a statement with which the 
present authors agree. 


Fic. 1. Long Liston splint. 


sixteenth centuries; in Japan and China, 
bamboo was requisitioned for a similar 
purpose because of its lightness, strength 
and durability. In times of war, necessity 
led to the use of a musket as a splint or 
crutch. From this it was but a step to the 
long Liston splint which provided not only 
for immobilization, but at the same time 
conserved the length of the limb. This 
splint consisted of a long wooden board, of 
sufficient length and breadth, which ex- 
tended from the lower ribs to 4 inches 
beyond the foot. The first step in the 
application was to bind the leg to the 
splint and then, with the last turn or two 
of the bandage round the forked extremity 
of the splint, to secure the foot in good 
position. By means of a binder or bandage 
the splint was bound to the body and to 
the upper part of the thigh. Extension was 
obtained by means of a perineal band, 
which passed through two holes in the 
upper end of the splint in such a manner 
that, by tightening the band over the fixed 
perineum, the splint and leg could be 
pushed downward and so produce reduc- 
tion. (Fig. 1.) 

In 1850, Hugh Owen Thomas devised 
his hip and knee splints, a boon to all later 
surgeons. Seventy-seven years later, Meu- 
rice Sinclair stated that this (the Thomas 
splint and its modifications) had been 
directly responsible for the design of the 
majority of splints for the arm and leg 
which were used successfully in the World 


War. He added that it was “by far the 


In spite of the appliances designed and 
the methods advocated in treatment, how- 
ever, the general outlook regarding frac- 
tures of the hip in the latter part of the 
nineteenth century was gloomy in the 
extreme. As an index of the attitude of 
even the very elect in the profession toward 
fractures of the neck of the femur we can 
do no better than quote Sir Astley Cooper’s 
own words: “Baffled in our various at- 
tempts at curing these cases, and finding 
the life of the patient occasionally sacrificed 
under the trials made to unite them, | 
should, if I sustained this accident in my 
own person, direct that a pillow should be 
placed under the limb throughout its 
length and that another should be rolled 
up under the knee, and that the limb should 
be thus extended until the inflammation 
and pain be subdued. I should then daily 
rise and sit in a high chair in order to 
prevent a degree of flexion which would be 
painful, and, walking with crutches, bear 
gently on the foot at first, then gradually 
more and more until the ligaments became 
thickened and the muscles increased in 
their power. A high-heeled boot should be 
next employed by which the halt would be 
much diminished.” Such a statement from 
a man of Sir Astley Cooper’s high profes- 
sional standing meant that the most one 
could hope for was union by fibrous tissue, 
but at least one could avoid untimely 
death. In those days, and up until twenty- 
five years ago, every surgeon’s purpose 
with respect to the treatment of fractures 
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was: (1) save the life of the patient, (2) 
obtain union, and (3) obtain good union. 
This was nowhere truer than in the case of 
fractures of the neck of the femur. 


% 


Fic. 2. Modified Whitman knee cast with 
hinge (Meyerding) at the knee joint. 


Agnew, in 1878, in attempting to strike 
an optimistic note, succeeded only in 
intensifying the pessimistic attitude which 
was prevalent at the time. Speaking of the 
results of treating intracapsular fractures 
by the Astley Cooper method, he said: 
“There have been recorded a sufficient 
number of cases of bony union, after what 
was believed to be intracapsular fracture, 
to justify a hope that some of the cases 
encountered by the surgeon may have a 
similar termination.”” The doubt which 
surrounded the possibility of the healing 
of intracapsular fracture was widespread 
throughout Europe and claims of union 
were accepted cum granum salts. 
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Jonathan Hutchinson (1828-1913) in 
his description of the specimen of intra- 
capsular fracture in the Pathological Mu- 
seum of Leeds Hospital, wrote: “This 
specimen Is alluded to by Malgaigne and 
Hamilton as if it were of doubtful validity, 
but neither of them had probably seen it. 
I cannot but hope that the publication of 
these life-sized drawings of the bone will 
set at rest all scepticism as to the possible 
union of intracapsular fractures. I trust, 
also, that it may lead to greater hopeful- 
ness in the treatment of those accidents 
and thus more systematic care in securing 
coaptation.” 

Indeed, so bad had the results of treat- 
ment been that men of the highest pro- 
fessional attainments had gradually come 
to regard all forms of active treatment as 
useless and in consequence had abandoned 
even the accepted methods of the day. 
This attitude of the profession prevailed to 
a great extent until 1905 when Royal 
Whitman introduced his method of fixa- 
tion in plaster in wide abduction and 
internal rotation: “The patient, having 
been anesthetized, is placed on a pelvic 
support with a perineal bar, the shoulders 
resting on a box of equal height. Two assist- 
ants make manual traction on the ex- 
tended limbs, drawing the perineum firmly 
against the bar and completely reducing the 
shortening on the injured side, the surgeon 
meanwhile lifting the thigh upwards if it is 
below the place of its fellow. The limb is 
then rotated slightly wards, thus com- 
pletely apposing the fragments. Both 
limbs, extended and under manual trac- 
tion, are then abducted to the full limit, 
on the sound side first, to demonstrate 
the normal range, which varies in different 
individuals, and to balance the pelvis. 
When this limit is approached on the in- 
jured side, tension on the capsule assures 
the alignment of the fragments and forces a 
resistant contact. A long plaster spica 
extending from the axilla to the toes Is 
then applied, which by fixing the limb in 
complete abduction, full extension, and 
slight inward rotation, assures the security 
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of the internal splinting. The knee is 
slightly flexed and the foot at a right angle 
with the leg slightly adducted.” 

Leadbetter modified this technique by 
reducing the fracture by perpendicular 
traction with the thigh flexed to a right 
angle; abduction and internal rotation 
followed. One important point in his 
method was his test for reduction. Reduc- 
tion was complete when the affected foot 
remained upright on the palm of the 
examiner’s hand. If external rotation oc- 
curred, reduction was incomplete and the 
maneuver had to be repeated. More 
recently (1936), Kleinberg, a former asso- 
ciate of Whitman, while adopting the 
Leadbetter technique, has modified the 
subsequent procedure by allowing patients, 
and one might almost say “forcing” 
patients, to get up on the third or fourth 
day and make attempts at walking. He 
claimed that by bearing weight on the 
affected leg, local union was not only 
encouraged but hastened. 

There is no gainsaying the fact that 
union occurs in the cases of some old and 
frail individuals, but we believe that the 
last word has not been said on the subject 
of nonunion, its causes and its cure. We 
are convinced of the fact that old age per se 
is not the cause of nonunion any more than 
the fact that a patient has passed his 
allotted span makes him of necessity a poor 
surgical risk. We have treated patients in 
the seventh and eighth decades of life who 
have recovered from the effects of trauma 
which even in the robust and vigorous 
could have been adequate to produce death 
from shock. While the method employed 
In obtaining reduction of the fragments 
varies with the individual surgeon, means 
must be taken which will permit of reduc- 
tion being maintained and at the same 
time prevent the development of pressure 
sores and hypostatic pneumonia. By the 
use of the plaster cast this is possible. 
The patient may be moved into any posi- 
tion or even transported in comfort. The 
stiffness of the knee so commonly met with 
in these elderly, often arthritic, patients 
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following prolonged fixation in the Whit- 
man cast can be prevented by employing 
a certain type of knee hinge in the cast as 
described by Meyerding. (Fig. 2.) 

A commission appointed by the Ameri- 
can Orthopedic Association to study the 
end results of the Whitman treatment of 
intracapsular fractures of the neck of the 
femur reported. in October, 1930 that 50 
per cent of patients under the age of 60 
could look forward to solid bony union, but 
that the percentage of union in those more 
than 60 years of age was distinctly lower. 
While all credit must go to Royal Whitman 
for his excellent practice and advocacy of 
the abduction and fixation treatment, we 
must concede a modicum of praise to 
Hennequin and to Newton Schafer who 
were probably the first in the field to use 
the method. In 1927, Cotton advised 
artificial impaction by means of a mallet 
following reduction as a means whereby 
union could be made more certain. 

In 1850, Lagenbeck made the first at- 
tempt to treat fractures surgically by 
internal fixation. He used a silver drill to 
unite the fragments, but old age and 
“hospital gangrene” unfortunately de- 
feated his ingenuity and surgical heroism. 
Lister, some years later, made a similar 
attempt. The details given of the operation 
were insufficient and we are not certain 
that the fragments were pegged. Patients 
survived but union by fibrous tissue alone 
was obtained. If the fragments were not 
pegged, this was probably the first occasion 
on which drilling of the head and neck of 
the femur was carried out. 

The first report of a successful case was 
published by Kénig in 1878. The patient 
was a young and vigorous man who was 
operated on under aseptic conditions 
through a small lateral incision over the 
greater trochanter. Between 1878 and the 
adoption of the more modern forms of 
internal fixation much work was done in 
this field. Murphy and Beckman in this 
country and MacLennan in Scotland used 
ordinary nails and screws, with variable 
success. Bone pegs of the intramedullary 
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Fic. 4. Showing the Iag screw (as described by Henderson). 


variety, or bone grafting operations in which 
the tibia and fibula were used, have been 
employed and advocated by Albee, Hen- 
derson,!* and Campbell although these pro- 
cedures have a greater sphere of usefulness 
in the treatment of ununited old fractures 
of the femoral neck. The nail used orig- 
inally by Smith-Petersen was a solid one 
and the difficulty of introducing it was con- 
siderable, necessitating arthrotomy if accu- 
rate placing in the head of the femur was 
to be secured. With the modification sug- 
gested independently by Johansson in 
Sweden, King in Melbourne, and Hender- 
son!? at The Mayo Clinic, whereby a can- 
nulated nail was used, the difficulty of 
introduction and the severity of the opera- 
tion were immensely reduced. 

In all our surgical treatment the frac- 
ture was reduced by simple Buck’s (1861) 
extension or by either the Whitman or 
Leadbetter maneuvers. The accuracy of 
the reduction was checked by antero- 
posterior and lateral roentgenograms. The 
modern use of roentgenograms permits of 
accurate determination of the position of 
the fragments following attempts at re- 
duction and before internal fixation Is 
employed. This, performed under spinal 
anesthesia, and by a surgical team experi- 
enced in the technique, results in a lessened 
mortality rate. A Kirschner wire was then 
introduced, through a small lateral incision 
centered over the lower border of the 
greater trochanter, by drilling up through 
the neck into the head. Localization of 
the wire could be accurately determined 
by films or fluoroscopic examination. The 
Smith-Petersen nail was then slipped over 
the wire and driven home through the 
femoral neck and into the head. The 
Immediate and late effects, while excellent, 
were not perfect, but the percentage of 
good end results was definitely increased 
for all ages and a new day had dawned 
for the unhappy sufferer from this type of 
fracture. (Fig. 3.) 

here are two disadvantages, however, 
to the use of the Smith-Petersen nail: (1) 
In some cases it slips out; (2) in inserting 


New Series Vor. XLVI, No. 2 Meyerding, Pollock—Femoral Neck American Journal of Surgery 2Q7 


the nail, separation of the fragments may 
occur so that impaction subsequently is 
necessary. To overcome these defects 
Henderson!!! suggested the use of the lag 
screw. This screw has been in use among 
furniture makers for many years and is 
mechanically adapted to overcome just 
these disadvantages. The method of intro- 
duction is similar in all respects, but there 
are a few points upon which Henderson 
lays special emphasis: No attempt at 
manipulative reduction has been necessary 
since reduction has been accomplished in 
all cases by Buck’s extension. 

We believe in waiting until a week has 
elapsed following injury before surgical 
intervention is undertaken, even though 
no displacement has occurred. The advan- 
tages gained from this procedure outweigh 
anything that may be lost by waiting. 
Shock has been combated, the vital forces 
of the aged and frail have been fortified, 
and the possibility of an undiscovered yet 
potentially great surgical risk eliminated. 
Deaths which occur during this period of 
waiting can, therefore, be accurately classi- 
fied as being due to primary shock or 
debility and not used as reasons for dis- 
crediting an otherwise life-saving surgical 
procedure. 

With accurate coaptation of the frac- 
tured ends, confirmed roentgenologically, 
and with the lower border of the greater 
trochanter exposed through a small lateral 
incision, a Kirschner wire Is run into the 
femoral neck and through the head until it 
impinges on the acetabular wall. No 
trouble results from this minor trauma to 
the articular cartilage and a firmly fixed 
proximal fragment is obtained which ren- 
ders the subsequent steps partially to 
drill the neck and head simple and accurate. 
The insertion of the lag screw along the 
Kirschner wire is straightforward. When 
it is well buried in the head, the covering 
sleeve is introduced by special instruments 
and tightened down upon the screw and, 
as this occurs, the fragments are drawn 
together so that firm and accurate coapta- 
tion is obtained. No retention plaster cast 
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is required—a simple foot splint with a 
cross bar being adequate to prevent exter- 
nal rotation of the leg. (Fig. 4.) 

Within two weeks flexion movements at 
the hip by means of a knee sling are begun 
but, later on, are carried out actively. The 
patient is allowed up in six weeks on 
crutches, although weight-bearing is not 
attempted until after the third month. 
Ordinarily we believe that removal of the 
screw in about four months prevents exces- 
sive absorption of the neck of the femur 
and, by removing a foreign body, militates 
against subsequent trouble andelectrolytic 
reaction. In the series of cases at The Mayo 
Clinic in which treatment was conducted 
by this method, bony union occurred with 
excellent functional results in about 72 
per cent. 

Today, each orthopedic surgeon follows 
the method which appears to him to be 
the most effective, and whether it be that 
entailing the use of a Smith-Petersen nail, 
a Henderson lag screw, Moore’s pins, or 
Martin’s screws, in the hands of a capable 
man the end results are considerably better 
than those which followed the older forms 
of simple fixation. It is no simple matter 
to insert a nail with certainty, and many 
have been the devices tried to render 
this primary operative step one of mathe- 
matical accuracy. Valls of Buenos Aires 
and Hey-Groves of Bristol have devised 
ingenious inserters which make the oper- 
ative technique simpler. 


SUMMARY 


The subject of fracture of the neck of 
the femur has been reviewed from its 
recognition at the time of Ambroise Paré, 
through the period of the epoch making 
changes introduced by Whitman, up to 
the modern method of internal fixation. 

In cases of fresh fracture of the neck 
of the femur the use of the Smith-Petersen 
nail and of the Henderson lagscrew, under 
the control of Roentgen rays, has resulted 
in accurate reposition of the fragments 
and their complete fixation, with subse- 
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quent bony union in 72 per cent of cases, 
The excellent results which have been 
obtained by modern treatment of this most 
disabling and crippling condition have 
changed the pessimistic attitude, with 
which the profession as a whole regarded 
this injury in the late nineteenth century 
to the one of present day optimism. 
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WE understand physical pain aright only when we realise the part 
played by the individual in a system morphologically the same for everyone, 


when we have analysed . 


. living pain. 


From—“‘Surgery of Pain” by René Leriche (Williams & Wilkins). 
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URING 1937 330 fractures of the 
tibia (excluding Pott’s fractures 
involving the medial malleolus) 


Fic. 1. Case 111. Mid-thigh non-padded 
cast with iron walking caliper, ap- 
plied after bone drilling. 


were treated at St. Louis City Hospital. Of 
this number eight, or 2.4 per cent, were 
considered to be cases of delayed union or 
potential nonunion. No apparent mechani- 
cal factors were involved, such as interposi- 
tion of fascia or muscle between the 
fragments, nor was there any derange- 
ment of the calcium metabolism as far as 
could be determined by blood chemistry. 
The probable causes of the delayed union 
in these cases were: (1) poor approximation 


TREATMENT OF DELAYED OR NON-UNION BY 
BONE DRILLING 


STANLEY M. Leypic, M.D. 
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of the fragments at initial reduction; (2) 
remanipulation due to slipping of the frag- 
ments; and (3) the fact that some were 
compound. 

In our experience a compound fracture 
usually is slower to unite than a simple one. 
One probable explanation is the loss of 
blood which is a simple fracture, remains as 
a hematoma around the fracture site and 
possibly serves as a medium for invading 
osteoid tissue and aids in the liberation of 
phosphatase (which is considered essential 
in the deposition of calctum'). Contrary to 
popular opinion, the age of the patient has 
no relation to nonunion; in our eight cases 
the age varied from 20 to 69. 

In our experience the repair of fractures 
of the shaft of the tibia usually requires 
twelve to fourteen weeks of immobilization, 
and some cases require an even longer time. 
Usually, however, weight-bearing in a non- 
padded ‘‘skin” cast with an iron walking 
caliper has promoted union when it did not 
appear likely to occur after three months. 
This régime has been successful in all but 
eight cases, in which the fragments were 
drilled. Previously, such cases underwent 
surgical intervention in which either bone 
grafting, resection of the fibrous union, or 
plating was done. In the past year, since we 
resorted to bone drilling, not a single bone 
graft or similar procedure has been neces- 
sary for nonunion of the tibia. 

The treatment of nonunion by bone drill- 
ing was first proposed by A. Beck? of Kiel, 
and described by Lorenz Bohler’ of Vienna. 
Apparently this procedure is not generally 
recognized in this country, as few references 
commending it are found in the literature. 
This principle has been used, however, for 
treatment in fractures of the neck of the 
femur and Legg-Perthe’s disease,‘ ununited 
fractures of carpal bones,® and recently a 
series of cases of the long bones.® 
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The indications for drilling are: per- 
sistent mobility after adequate immobiliza- 


Leydig—Bone Drilling 
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did before resorting to drilling the frag- 
ments, as it is known that prolonged 


tion, as detected clinically; lack of new maintenance of the fragments in poor 


Fic. 2. Case 111. Mid-third of tibia with nonunion after twenty-nine weeks immobilization in 


cast. 


bone formation bridging the fracture site, 
as determined by x-ray. The contraindica- 
tions are the same as for any bone surgical 
procedure. We prefer to confine the drilling 
to the bones of the leg or lower thigh, 
because there is less possibility of injuring 
other important structures than in the 
arm. We do not wait so long as we formerly 


alignment prevents an early return to 
normal function. 

Bone drilling is done in the fluoroscopy 
room. However, although the fluoroscope 
is helpful, it is not necessary. The skin over 
the nonunion is prepared with iodine and 
alcohol, and infiltrated with novocaine 
(14 per cent). The periosteum must also be 


TABLE I 

| Time of | | Time of Immobili- 

Si fF | 7 Immobili- | Possible Cause | zation after Drilling 
eilinidicdaereimaie | 8¢ | zation, | of Nonunion | before Union Oc- 

| Weeks curred, Weeks 

| | 
Junction mid and distal third of tibia........... | 69 24 | Compound 4 
= 18 | Undetermined 4 
Junction mid and distal thirds of tibia..........| 21 17 | Poor reduction 5 
Junction mid and distal third of tibia...........| 48 28 Compound 5 
Junction mid and distal third of tibia........... 40 42 | Remanipulation three 5 

times 

third of 62 | 63 | Poor approximation 6 

| | and compound 
| 69 17 | Remanipulation twice 9 
| 12 | Poor approximation | 8 


if 
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injected carefully or the patient will 
complain. Two or three puncture wounds 
are made over the proximal and distal 
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the fractures which were (1) not accu- 
rately reduced, (2) re-manipulated, or 
(3) compounded. 


Fic. 3. End result of same case after drilling. New bone had formed, 
and fracture was clinically solid in four weeks. Patient allowed full 


weight bearing after two months. 


fragments adjacent to the fracture site, 
about 14 inch apart, through which the 
drill is inserted. Eight to ten holes are then 
drilled obliquely into the bone with a 
344 inch drill, in such a way as to traverse 
both fragments with each drilling. This ts 
easily done in spiral or oblique fractures, 
but in transverse fractures more care is 
required. A non-padded ambulatory plaster 
cast with an iron walking caliper is applied 
over a sterile dressing. The patient is 
encouraged to walk on the cast the next 
day, after the plaster is dry and the slight 
pain has subsided. 

Table 1 shows the results of eight cases of 
nonunion of the tibia and one of the distal 
third of the femur. 


CONCLUSIONS 


Delayed or nonunion is not uncom- 
mon in fractures of the shaft of the 
tibia, and seems to follow more frequently 


Bone drilling in such cases offers a simple 
method of promoting union, and _ has 
supplanted major surgical procedures for 
delayed or nonunion of the tibia in the 
St. Louis City Hospital. 

Fight patients so treated required solid 
union clinically, and the x-ray revealed 
new bone formation within a few weeks. 
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RACTURE of the ribs, in the large 

majority of cases, is within easy 

management. Uncomplicated fractures 
may be treated by simple adhesive strap- 
ping for immobilization of the rib frag- 
ments. Such therapy usually terminates 
favorably within three to four weeks. The 
most annoying complication during such 
treatment is pain. Adhesive strapping may 
serve well to maintain proper alignment of 
the broken bone fragments and to diminish 
respiratory movements of the chest, but it 
will not entirely eliminate motion. With 
motion some degree of pain will regularly 
be present at the site of fracture. 

Pain may be only an annoying disturb- 
ance during healing of rib fractures, but it 
can be the primary cause of more serious 
sequelae. The more serious complications 
following simple fracture of the ribs are 
respiratory infections. Most of the few 
patients with simple rib fracture terminat- 
ing fatally, die from pneumonia. The 
incidence is fairly high in the aged. Maingot 
has often observed pneumonia following 
the fracture of one or two ribs in elderly 
patients.! Ten Horn also found pneu- 
monia responsible for most deaths after 
fracture of the ribs. In elderly individuals, 
he recommends that no attempt be made 
to immobilize the chest mechanically. His 
main reliance is on morphine given in large 
doses and repeated often enough to control 
the pain. He insists, “that morphine in 
addition to relieving the pain, permits the 
respirations to proceed unhampered and 
reduces the need for oxygen, but its great- 


est benefit is the prophylaxis against 
pneumonia by allowing coughing without 
pain.”’? Pain may continue for a consider- 
able time after the fracture of a rib. 
Persistent pain is most often callus pain.® 
Rarely is it a generalized intercostal 
neuralgia although the latter is sometimes 
reported. Regardless of the cause, as long 
as pain is present at or near the site of 
fractured ribs the patient is more likely to 
develop pneumonia than would be true 
were the pain relieved. 

Extensive fractures, those involving sev- 
eral ribs, and those complicated by much 
overlapping of fragments, traumatic pleu- 
risy, hemorrhage, tension pneumothorax, 
emphysema of the skin, etc., present 
therapeutic indications entirely different 
from simple fractures. It also follows that 
in this group an unfavorable issue is not 
uncommon. In severe crushing injuries of 
the chest, even those without severe hemor- 
rhage or torn lung, the mortality is very 
high.‘ Fatalities, when they occur several 
days after the injury, are often due to 
pneumonia. In patients with extensive or 
complicated rib fracture severe pain is 
regularly a persistent complication. In this 
group pain becomes a complication of 
major importance and it has a definite 
bearing upon the mortality. Because of the 
severe pain these patients put forth every 
effort to eliminate any activity that will 
increase their discomfort. Coughing is 
suppressed, movements that involve the 
trunk are not undertaken, and deep breath- 
ing is avoided. Respiratory effort may be so 


*From the Division of Surgery, Department of Anesthesia, New York University College of Medicine and the 
Division of Anesthesia, Bellevue Hospital, New York City. 
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retarded that the involved chest is prac- 
tically splinted. It has been observed that 
actual massive collapse of the lung may 
follow such forced inactivity. It regularly 
happens that the application of plaster 
bandage or even a cast fails to alleviate the 
pain and sedatives or hypnotics must be 
administered. 

Since pain may play such an important 
role in mortality followmg severe trauma 
to the chest, it seems logical to attempt the 
relief of pain early in the treatment. It has 
been pointed out that the control of pain or 
adequate sedation, in an amount that will 
not seriously depress respirations, is neces- 
sary in chest wounds requiring operative 
intervention.’ Generous amounts of mor- 
phine or other opiates are frequently given. 
Their use is not advised although their 
favorable effect upon pain is fully realized. 
The relief of pain in traumatic chests has 
for its therapeutic usefulness not only 
alleviation of the patient’s discomfort but 
also the more important objective, prophy- 
laxis against serious or fatal pulmonary 
complications. To serve this purpose it Is 
necessary that the patient increase the 
ventilation of his lungs by deep breathing 
and that the lower respiratory tract be kept 
free from secretions by coughing. The 
opiates do not favor increased ventilation 
or vigorous coughing. The depression of 
respiration that follows the large amounts 
of these drugs required adequately to 
relieve the severe pain accompanying chest 
injuries, decreases ventilation of the lungs 
and seriously impairs the cough reflex. A 
more logical method for pain relief is the 
interruption of painful stimuli along their 
nervous pathways. The use of regional 
nerve block provides a means of adequate 
therapy for pain. It is without the objec- 
tions raised against the opiates. It is 
obvious of course, that such a therapeutic 
measure as nerve block is no substitute for 
surgical therapy in cases with severe 
pleuropulmonary injuries but should be 
employed only as an adjunct. 

Regional anesthesia designed to control 
pain should be directed toward paralyzing 
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the nerves supplying the site of painful 
stimuli. With pain arising from a fractured 
rib, the intercostal nerve corresponding to 
the involved rib would immediately be 
suggested for injection. The injection of a 
single intercostal nerve does not invariably 
produce complete anesthesia along the 
entire course of the corresponding rib. The 
depression of painful stimuli may be so 
profound that complete relief is obtained 
or it may follow that accessory filaments 
from contiguous nerves will prevent more 
than a lessened pain response. To insure 
insensibility over the entire extent of a 
fractured rib it may frequently be necessary 
to inject not only the nerve corresponding 
to the fractured bone but also the nerves 
above and below the injured rib when 
intercostal block is employed. The use of 
paravertebral nerve block will more nearly 
insure complete pain relief. 

The technique for paravertebral injec- 
tion of thoracic nerves is not complicated. 
Excellent descriptions of the recommended 
procedures are given by Labat.® The 
technique employed here is essentially that 
described by Labat as his technique No. 1. 
The patient is placed upon the uninjured 
side and the knees flexed so as to widen the 
intercostal spaces. The spinous processes of 
the dorsal vertebrae are defined. Opposite 
each spinous process corresponding to the 
intercostal space selected for injection, a 
skin wheal is raised with procaine solution. 
The distance of the wheal from the mid- 
line varies from 4 to 5 cm. depending 
upon the width of the patient’s back. 
An 8 or 10 cm. small gauge needle unat- 
tached to the syringe is introduced through 
the wheal and advanced at right angles 
with the skin surface so as to contact 
the rib just above the intercostal space 
to be injected. The rib is contacted and 
the needle is slightly withdrawn so that 
its direction may be changed. The syringe 
end of the needle is inclined outward and 
upward until the angle formed between the 
skin surface and the shaft of the needle is 
approximately 45 degrees. It is then 
advanced about 1 cm. downward and 


New Serres VOL. XLVI, No. 2 


inward toward the lower border of the rib. 
The lower border of the rib is reached 
by the point of the needle with this 

maneuver and it is possible by slightly 
changing the direction downward to feel 
the needle slip off the rib. With the point 
of the needle located just below the rib it is 
advanced inward and downward across the 
intercostal space, a distance of approxi- 
mately 2 cm., where it impinges upon the 
body of the vertebra. The syringe is then 
attached and injection of the anesthetic 
solution begun after withdrawing the 
needle a very short distance from the bony 
surface and carefully performing the aspira- 
tion test. 

The dangers of this procedure have been 
described by some as those attending 
puncture of the pleural cavity, the lung, 
an intercostal blood vessel or the sub- 
arachnoid space. None of these accidents 
should result in serious complications and 
their occurrence Is not common. Punctur- 
ing the pleural cavity with a small needle 
will produce no serious complication and 
injection of solutions will do little more 
than induce coughing. Pneumothorax is 
unlikely to follow unless the pleura is torn 
and an aperture larger than that produced 
by a needle puncture is made. It is advis- 
able to inject very slowly at the start and 
if coughing is induced, stop the injection 
until the needle can be properly placed. If 
the needle is inadvertently inserted into 
lung tissue, blood will follow the aspiration 
test. Injecting a small amount of anesthetic 
solution into the lung causes little more 
than a bitter taste in the patient’s mouth. 
If an intercostal blood vessel is punctured, 
blood will be aspirated from the needle. 
The small hematoma that will be created, 
after puncture with the fine needle used for 
nerve blocking, is without significance. 
Although it is practically impossible to 
introduce a needle through an interverte- 
bral foramen when the described technique 
is followed, occasionally cerebrospinal fluid 
is aspirated after the needle is put in place. 
The explanation for such an occurrence is 
the puncture of an abnormal prolongation 
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of the subarachnoid cul-de-sac accompany- 
ing the nerve beyond the intervertebral 
foramen. If the technique is carefully 
followed and the aspiration test in two 
planes completely carried out and fre- 
quently repeated the dangers accompany- 
ing paravertebral nerve block are remote. 

One per cent solution of procaine hydro- 
chloride is recommended for paravertebral 
nerve block. Five to 6 c.c. may be placed at 
each site of injection. Stronger solutions 
may be too toxic when a considerable 
amount is used to secure extensive anes- 
thesia. Weaker solutions, to be effective, 
must be injected in volumes too large for 
convenience. Five or 6 c.c. of fluid diffuse 
in the intercostal space and comes into 
contact with both anterior and posterior 
primary divisions of the nerve as well as the 
communicating rami. 

When alcohol is to be injected it should 
always be preceded by the procaine block 
as described, but with a smaller amount of 
solution. Three or 4 c.c. of 1 per cent 
procaine solution will be sufficient. The 
alcohol should be injected fifteen to twenty 
minutes later. The position of the patient 
and of the needle should not be changed 
during the interval between injections. The 
initial injection of procaine will produce an 
anesthetized area upon which to place the 
temporarily irritating alcohol and its rapid 
absorption will eliminate diluting the 
alcoholic solution so that it may not be of 
maximum effectiveness. With this tech- 
nique 1 c.c. of 95 per cent or absolute 
alcohol gives satisfactory results. More 
than 2 c.c. of alcohol should not be needed 
if properly placed and this amount should 
never be exceeded. 

Aside from those complications already 
discussed, that may follow during the 
technical procedure of thoracic para- 
vertebral anesthesia and those resulting 
from errors. in technique, no serious objec- 
tions other than those relating to the 
toxicity of procaine have been advanced. 
When alcohol is employed pleural irritation 
from injury with the needle, together with 
an inflammatory reaction caused by the 
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alcohol, will infrequently follow the injec- 
tion. The predominating symptom is a 
burning pain which is noticed at about the 
time anesthesia from the procaine is lost. 
A small minority of patients may develop 
irritation neuritis of the somatic nerves. 
Such a neuritis may occur at any time for a 
week after injection and varies greatly in 
intensity. Either complication may be 
satisfactorily treated by procaine infiltra- 
tion of the nerves which are distributed to 
the thoracic segments involved.’ Hydro- 
thorax, due to pleural irritation from 
alcohol, has been reported as a rare com- 
plication.’ The contention that intercostal 
nerves are permanently destroyed with 
alcohol is not supported clinically or 
experimentally. The paralysis is transitory 
and seldom exceeds two or three weeks. 
The fine sympathetic rami may not regain 
function.’ The possibility of further tissue 
injury from broken bone fragments in 
painless areas may be obviated by strap- 
ping or the application of a light cast which 
should be a regular part of the treatment. 
It has been demonstrated by Latteri™ that 
the use of alcoholic injections during treat- 
ment of fractured ribs in no way affects the 
formation and progress of the callus or the 
proper healing of the fracture. 
Paravertebral nerve block has recently 
been employed here in the treatment of 
crushing injuries of the chest. Thirteen 
patients with severely complicated rib frac- 
tures have been treated. Without exception 
these patients were admitted to the 
hospital by ambulance and were considered 
serious emergencies. For each of them 
prognosis was reserved until the extent of 
the respiratory complications might be 
determined following several days’ hospi- 
talization. The fractures involved from one 
to ten ribs, and five of the patients had 
accompanying fractures of other bones. 
Pulmonary complications included con- 
solidation, atelectasis, tension and hemo- 
pneumothorax, subcutaneous emphysema, 
hemorrhage and various other pleuro- 
pulmonary injuries. Cyanosis, dyspnea and 
orthopnea were usually present at the time 
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of admission. Severe, continuous pain was a 
prominent symptom of every patient. 

Paravertebral injections of anesthetic 
solutions was accomplished soon after a 
diagnosis of the extent of the injury was 
tentatively made. The early cases received 
procaine block. Patients with fracture of 
three ribs or less were injected with a 2 per 
cent solution. When more extensive block 
was required, 1 per cent solutions were 
employed. The therapeutic results of re- 
gional anesthesia were immediate and of 
definite usefulness. Pain was completely 
relieved for eight of the patients, sup- 
pressed to the extent that ordinary breath- 
ing was not uncomfortable for four more, 
and made less severe for one individual. 
Following the anesthetic nerve block each 
of the patients could be moved about 
without serious complaint and would carry 
out instructions to breath deeply and 
cough. The duration of pain relief from 
procaine injections varied from three to 
twelve hours. It was the practice, with the 
first use of this therapy, to repeat the nerve 
block with the return of pain. Later cases 
received alcohol following the technique 
already described. One patient had five 
treatments with procaine. No _ patient 
receiving alcohol required more than one 
nerve block. 

Two of the thirteen treated patients died 
as a result of complications from their 
injury. One expired on the seventh day 
after admission. This patient had fractures 
of both femurs, and the left ulna, lacera- 
tions of thé spleen and left kidney and 
extensive bronchopneumonia. Another died 
on the eighteenth day after accident. 
Autopsy revealed lacerations of the lung, 
pulmonary emboli and hemorrhage of the 
lesser omental sac. 

The results that may follow nerve block 
procedures during treatment of fractured 
ribs are illustrated by the two following 
cases. These cases are selected as the two 
most favorable results in the brief series 
reported. 

Case 1. A white male, age 58, entered the 
hospital from the ambulance with marked 
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emphysema and external evidence of injury 
to the left chest. There was profuse epistaxis. 
The accident had occurred the day before 
admission. The diagnosis was multiple rib 
fractures (third to ninth inclusive) on the left 
side, subcutaneous emphysema on the left 
from neck to scrotum, and consolidation of the 
right chest. The patient was in severe pain, 
very cyanotic, dyspneic and orthopneic. He 
would not cough or tolerate moving because 
of the pain. Oxygen therapy and a moderate 
amount of morphine did not improve the 
condition. A paravertebral procaine block was 
completed on the left side to include the third 
to eleventh thoracic nerves. Pain relief was 
immediate and complete. The patient coughed 
freely, was moved from side to side and the 
consolidation in the right chest could no longer 
be diagnosed with certainty. The cyanosis 
cleared and breathing assumed a normal char- 
acter. Severe pain returned after sixteen hours. 
The procaine injection was repeated and again 
gave complete relief. After eight hours a third 
block was done. Thereafter pain was not a 
prominent symptom. X-ray examinations then 
revealed “irregular patches of pneumonitis in 
the right thorax.’”’ Recovery was complete in 
five weeks. 

Case ul. A white male, age 60, was ad- 
mitted from the ambulance at noon. He had 
been injured at 4 A.M. He was cyanotic and 
dyspneic with subcutaneous emphysema from 
the clavicle to the lower chest on the left side. 
The left ribs (sixth to ninth inclusive) were 
fractured in the midaxillary line. There was 
evidence of hemopneumothorax of the left 
chest. Late on the day of admission the temper- 
ature was 102 degrees and cyanosis and dyspnea 
were more severe despite oxygen therapy. 
Examination revealed signs of “atelectasis or 
bronchopneumonia of the right lower lobe 
posteriorly, related to stasis of secretions.” 
Pain was severe and deep breathing or cough- 
ing was suppressed. A left paravertebral nerve 
block was performed with procaine to include 
the fifth to the tenth thoracic nerves. The pain 
was immediately eliminated and cyanosis and 
dyspnea were relieved. The patient was turned 
to the right side and coughed vigorously with- 
out severe discomfort. He was comfortable 
throughout the night. The anesthesia was 
repeated on the following morning when less 
severe pain had returned. Another block was 
done in the late evening. There was no com- 
plaint of severe pain at the fracture site after 
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the third block but forced coughing caused 
some discomfort. More than 300 c.c. of blood 
was removed from the left chest. Seven days 
after injury, examination revealed “a residual 
hemopneumothorax and resolving broncho- 
pneumonia progressing favorably.” Recovery 
was complete. 


No reference has been found to the use of 
paravertebral nerve block for the relief of 
pain from fractured ribs. Intercostal nerve 
block has been employed for ambulatory 
patients during the treatment of uncom- 
plicated rib fracture. Leotta has treated 
pain associated with tuberculosis by alco- 
hol injection of the involved intercostal 
nerves.'! His technique was applied suc- 
cessfully in four cases of rib fracture by 
Latteri.° Grieco selected a group of un- 
complicated cases of rib fracture which 
ordinarily would be treated ambulatorily. 
Patients were chosen in whom pain was 
persistent despite immobilization by adhe- 
sive strapping. He concluded after treating 
ten patients that intercostal nerve block 
with alcohol afforded quick relief from pain 
and considerably shortened the period of 
disability.12 The same therapeutic proce- 
dure was used by Rabboni to treat ten 
ambulatory patients.'* Pain relief was 
obtained for each individual treated and 
nothing developed to complicate the initial 
lesion or its treatment. Zoppi has recom- 
mended the daily subcutaneous injection 
of procaine at the site of fractured ribs to 
allay pain and eliminate the use of mor- 
phine.'t The experience here has not 
included the treatment of ambulatory 
patients with paravertebral block, but 
the favorable effect upon pain for non- 
ambulatory patients, the simplicity of the 
technique and absence of complications 
definitely recommend it. 


SUMMARY 


The treatment of simple and complicated 
fractures of the ribs should include some 
therapeutic medium for relieving the asso- 
ciated pain. The relief of pain is important 
for the patient’s comfort. It is more impor- 
tant as prophylaxis against respiratory 
infections. Respiratory infections are re- 
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sponsible for the majority of deaths that 
follow these injuries. 

The use of large amounts of opiates or 
narcotics to treat the pain associated with 
fractured ribs is not advised since adequate 
lung ventilation may be hindered and the 
stasis of secretions enhanced by depressing 
respirations and the cough reflex. 

The use of paravertebral injections of 
procaine and alcohol at the site of the in- 
volved thoracic nerves is recommended. A 
technic for the convenient application of 
the regional nerve block is described. 

Results following the treatment of thir- 
teen hospitalized patients with serious, 
complicated injuries of the chest wall are 
reviewed. Two case reports are included. 

The results indicate that the relief of pain 
following fractured ribs, by mterrupting 
the nervous pathways with paravertebral 
Injections of anesthetic solutions Is a 
worthwhile therapeutic measure. 
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BODY SECTION RADIOGRAPHY IN SURGICAL 
CONDITIONS* 


SHERWOOD Moorg, M.D. 


ODY section radiography is an inclu- 
B sive term applied to methods of 
radiographing a selected layer in the 
body to the exclusion, in greater or lesser 
degree, of other layers. This type of radiog- 
raphy can be done in several ways, all of 
which have specific terms, stratigraphy, 
planigraphy, tomography, laminagraphy, 
and serioscopy. It seems desirable to re- 
strict these specific terms to the particular 
method employed, or to the type of 
apparatus used, and to employ a general 
term to cover all of them. For a description 
of these several methods (except serio- 
scopy), the reader is referred to the 
articles by Andrews,! Kieffer,? and Moore.* 
Because the principle is complex, a simple 
explanation of the fundamental basis of all 
the methods employed in body section 
radiography is in order. 

If a source of visible light and a recording 
medium be revolved about a fixed axis, the 
shadow of any object in this axis will 
maintain a constant relationship to the 
light and the recording medium. Any object 
not directly in the axis, about which revolu- 
tion takes place, will have a constantly 
shifting relationship which is dependent on 
its distance from the axis and its relation- 
ship to either the light or the recording 
medium. This is seen in the diagram. 
(Fig. 1.) The diagram illustrates the sim- 
plest form of movement whereby shadows 
of objects in alignment can be separated 
from each other. With combined move- 
ments, the separation of shadows can be 
made more effective. 


} Stratigraphy, Vallebona; planigraphy Ziedses des 
Plantes; tomography, Chaoul and Grossmann; Iami- 
nagraphy, Moore; serioscopy, Ziedses des Plantes and 
Cottenot. 


Professor of Radiology, Washington University School of Medicine 


ST. LOUIS, MISSOURI . 


The rules which apply to visible light 
apply with equal force, but with a qualifica- 
tion, to x-light. This qualification will be 
referred to later. In radiography, the x-light 
records the sum of all structures capable 
of forming a shadow on the recording 
medium, the radiograph. Many maneuvers 
have been devised to separate superim- 
posed shadows by changes of position of 
x-ray tube, film and object. All of them are 
of limited use. The first effort to eliminate 
undesired shadows by means of a co- 
érdinated movement of x-ray tube and 
medium, during exposure, was by Bocage 
in 1921. The investigations since that time 
can be found fully described in the refer- 
ences already given. 

With visible light, the limitation in the 
separation of shadows has been referred to 
above. It is to be remembered, in shifting 
superimposed shadows with x-light, that a 
proportion of the shadows which are 
shifted is distributed throughout the path 
of travel of the beam of x-rays because of 
their penetrability. In consequence, the 
codrdinated movement of x-ray tube and 
its recording medium, in addition to 
shifting shadows above and below the axis 
of movement, must also distribute them 
widely and evenly. The more mathe- 
matically harmonious and complete the 
movement of the x-ray tube and film, the 
better the distribution of the undesired 
shadows. The merits of the different 
movements employed in body section 
radiography need not otherwise be dis- 
cussed here. 

A selected level or layer in the body can 
be radiographed, to the greater or less 
exclusion of layers above and below, in 
three ways: through coédrdinated, synchro- 


* From the Edward Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis. 
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nized movement in different directions of 
x-ray tube and film during exposure; by 
keeping the tube and film stationary and 
revolving the body—in Vallebona’s strati- 
graphy the tube and film remain stationary 
and the object (the patient) is moved, 
which is the opposite principle to that in 
the other methods of body section radiog- 
raphy; and by making multiple radio- 
graphs at different angles, the tube, film 
and body being stationary. In the Jast case, 
the radiographs are moved over each other 
in a special apparatus devised for that 
purpose, the serioscope. The films are 
placed in the serioscope in the order in 
which they have been made. The move- 
ment imparted to them is in relation- 
ship to the angle at which they were 
exposed. 

In all methods of body section radiog- 
raphy there are definite thicknesses of 
layer which can be recorded clearly. The 
thickness varies with the apparatus and 
the type and extent of excursion of tube 
and film. The laminagraph has most of the 
possible practical movements of tube and 
film, with the means of varying the thick- 
ness of the layer to be investigated, the 
lower limit being about 5 mm. Increasing 
this decreases clearness. The laminagraph 
can be used for serioscopy. 

It is a general principle that body section 
radiography has its chief value where there 
is a maximum number of superimposed 
structures (Fig. 2) and, conversely, it is of 
less value where the opposite is the case. 
Unwanted shadows are displaced and 
dispersed by this means, but there is also 
great value in the fact that the shallow 
depth of layer permits minimal contrasts in 
density to be recorded on the film. (Fig. 3.) 
Finer changes in tissue, therefore, that 
otherwise would be undiscoverable, can be 
visualized; for example, small areas of 
calcification in soft tissues or small frag- 
ments of fractured bone, or foreign bodies 
of little density. Body section radiography, 
therefore, has its chief use in regions or 
conditions where standard x-ray practice 
is inapplicable. 
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It is to be borne in mind, however, that 
the limitations which apply to radiography, 
because of great size or massiveness of the 


Fic. 2. Laminagraph of lateral view of normal 
hip joint through opposite hip joint. 


part to be studied, cannot be overcome by 
any method of body section radiography 
and, as a corollary to this, it must be stated 
that, so far as experience has gone, laminag- 
raphy is an adjunct to, and not a super- 
cession of, conventional methods. 


RESPIRATORY SYSTEM 


Body section radiography is of the 
utmost value throughout the respiratory 
tract. This method has more applications 
in the lower part of the tract than in the 
upper air passages, for the lower part is 
subject to more pathologic states which can 
be investigated advantageously by any 
type of x-ray procedure. It does not 
promise ever to be very useful in acute or 
early chronic pulmonary disease. It may 
demonstrate, however, that the disease is 
more advanced than was thought to be the 
case by other methods of examination. 

But this is not true in early tracheo- 
bronchial disease, as there is great promise 
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of valuable aid from this method in early 
disease, especially of an occlusal type. In 
the normal respiratory tract, the larger 


A 
Fic. 3. Tumor of thigh. a, conventional radiograph. b, laminagraph. 


divisions of the tracheobronchial tree can 
be delineated through a large part of their 
extent by the use of properly exposed 
serial laminagraphs. 

Occasionally the vascular tree can be 
shown equally well. The presence of 
cavities (Fig. 4) and, to a lesser extent, of 
tumors, is discoverable. These cannot be 
found by any other means. There is every 
reason to believe that the absence of cavita- 
tion can be shown with equal facility, but 
it must be remembered that there is a 
certain minimum of contrast in density 
which must be present. For example, if a 
cavity is completely filled with fluid con- 
tents, it would not be demonstrated in an 
opaque area of the lung. The thinness of the 
layer radiographed frequently permits, 
because of the low density differential, the 
displacement and distortion of very fine 
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bronchial branches and_ likewise their 
narrowing and occlusion. In the case of a 
pulmonary cavity, its depth is accurately 


B 


estimated and its third dimension very 
closely approximated through serial lamin- 
agraphs. This fact is invaluable in the 
surgical therapy of such lesions. 

Displacements, distortions and compres- 
sions of the tracheobronchial tree are dis- 
covered readily. The degree of obliteration 
of pulmonary cavitation through collapse 
therapy of any type can be estimated 
accurately only by this method. Recurrent 
cavitation in the lung following therapeutic 
measures can be detected where its pres- 
ence would be undiscovered by standard 
methods. 


OSSEOUS SYSTEM 


The osseous system comes next in this 
field of usefulness, body section radiog- 
raphy being of particular value about the 
following portions of the axial skeleton: the 
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Fic. 4. Pulmonary tuberculosis. a, conventional film. p, laminagraph reveals large activity. 
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skull, particularly its base, the cervical radiography they would not be observed, 
spine, the dorsal spine, sternum and ribs, This is equally true of the remainder of the 
in the order given. In the remainder of the skeleton. In the appendicular skeleton, 


A B 
Fic. 5. Torticollis. a, conventional film through open mouth. B, laminagraph 
reveals rotary dislocation of atlas. 


axial skeleton, the lumbar spine and __ body section radiography has been of great 
sacrum, this method has yet to prove its value in a limited number of instances. 
superiority over conventional radiography. About the base of the skull the greatest 


A B 
Fic. 6. Old trauma of dorsal vertebrae. a, conventional film. s, laminagraph. 


However, shall foci of destruction in bone, usefulness has been in examination of the 
either of infectious or neoplastic origin, can temporal bone, particularly in the case of 
be detected readily,although with standard the mandibular articulation. Pathologic 
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conditions affecting the internal and ex- 
ternal auditory meati the existence of 
which is unsuspected otherwise, can be 
discovered. Disease and trauma of the 
occipito-atlantal junction and at the axis 
(Fig. 5) have been found with the greatest 
facility, and correct treatment instituted. 
Laminagraphic examination of the remain- 
ing cervical vertebrae has been of less help. 

The upper dorsal vertebrae are visual- 
ized clearly in the lateral view through 
both shoulder girdles. At a lower level they 
are seen free from the shadows of the over- 
lying ribs and Jung markings. (Fig. 6.) 

Shadows of structures lying posterior to 
the sternum can be so blurred that this 
bone is delineated clearly throughout its 
extent, but in practice separate films usu- 
ally are required for the manubrium and 
gladiolus. The presence or absence of 
trauma or disease of the sternum can be 
established readily. This is true also of 
obscure conditions involving the ribs. 

In the appendicular skeleton, small 
defects in bone have been found, as has 
been mentioned above, after standard 
methods have failed. In a patient who was 
thought to have a primary malignant 
tumor of the bone, the zone of calcification 
which led to that belief was shown, through 
laminagraphic examination, to be entirely 
independent of the bone. Very small 
avulsion fractures about the joints have 
been discovered when their presence was 
not suspected. 


NERVOUS SYSTEM AND 
NEUROVENTRICULOGRAPHY 


Except where disease of the nervous 
system results in bone changes, the lamina- 
graphic examination of the nervous system 
has not been of value, but the possibilities 
which lie in the small density differential 
of the thin layer may be useful in the 
future. In investigation of intracranial 
calcifications and in examination of the 
sella turcica, no superiority over standard 
methods has been found. 

This method has not been employed in 
either neuroventriculography or encepha- 
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lography. However, its employment in this 
type of examination has its advocates. 


DIGESTIVE AND URINARY SYSTEMS 


Body section radiography has not been 
used, except experimentally, in the diges- 
tive and urinary systems. However, in both 
systems there is the possibility of material 
aid in cases in which the recording of slight 
contrasts in density would be helpful, or in 
which elimination of the shadows of un- 
usual objects is desired. 


VASCULAR SYSTEM 


In the vascular system, calcifications in 
aneurysms have been found and the sac 
outlined. 

There is a possibility that the smallest 
intracardiac calcifications, since their exact 
depth in the body is known, can be found, 
and it is probable that there will be 
important developments in this field of 
investigation. 

In this connection it may be said that 
like possibility exists in the other soft 
tissues. Exact localization of foreign bodies 
is possible in serial laminagraphs. 


TECHNIQUE 


It is to be repeated that body section 
radiography is not to be substituted for 
standard x-ray methods. The latter should 
precede always, and they are a valuable 
guide in determining the extent of the area 
to be examined and the level at which 
examination should begin. 

Only general statements can be made as 
to the technique. Knowledge as to type and 
amplitude of movement, and thickness of 
layer to be radiographed, has to be gained 
by experience. The general rules of radiog- 
raphy, in regard to the position of the 
patient, voltage, current, and time of expo- 
sure, apply in body section radiography 
approximately the same as in standard 
methods. The technique is not difficult, but 
still requires a considerable amount of trial 
and error. 
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SUMMARY AND CONCLUSIONS 


Body section radiography has been de- 
fined, and a simple exposition of the funda- 
mental principle of all methods of body 
section radiography has been made. The 
several methods of carrying out this pro- 
cedure have been briefly defined and 
described. The possible clinical applications 
of body section radiography in the several 
anatomical systems have been briefly 
discussed. 
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It is concluded that this method of 


radiographic examination holds great 
promise for extending the value of 
radiography. 
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PHYSICAL pain is certainly influenced by a mental factor, by energy, 
by freewill. But how do these factors take effect? Do they act only as a 
brake on the expression, the representation of pain? Or are they able 
actually to diminish the acuteness of our painful perception? 
From—“‘Surgery of Pain” by René Leriche (Williams & Wilkins). 


q 
2 
4 
4 
‘ 
4 


INCIDENCE OF HEADACHE, NAUSEA AND VOMITING 
FOLLOWING SPINAL ANESTHESIA 


W. K. JENNINGS, M.D., F.A.C.S., 


Associate Surgeon, Evanston Hospital 


AND 


J. E. Karasin, M.D. 


Resident Surgeon, Evanston Hospital 


EVANSTON, ILLINOIS 


thesia by Corning! in 1885 the litera- 

ture has contained many reports 
concerning its advantages and disadvan- 
ages. Its usefulness has been definitely 
established by such pioneers in this field as 
Bier of Germany, Tuffier of France, 
Babcock, Pitkin, Stout and others in 
America, and it is now widely recognized as 
a valuable addition to the surgeon’s 
armamentarium. The technique of adminis- 
tration has been well standardized, with 
close adherence to certain basic principles 
which these men have emphasized. Numer- 
ous additions and modifications have been 
described and various needles and solutions 
perfected, but analysis has demonstrated 
that the method of lumbar anesthesia is as 
safe as its operator. Babcock? states, ‘‘ No 
solution or technical innovation has dis- 
placed the necessity for an accurate tech- 
nique and rigid supervision. The dangers of 
spinal anesthesia remain largely with the 
user rather than the drug or technique 
employed.” 

The present analysis is based upon work 
by two members of our hospital staff, each 
using the same instruments, solutions and 
the same technical procedure. The purpose 
of our study was to determine as accurately 
as possible the incidence of such post- 
lumbar anesthetic complications as head- 
ache, nausea, and vomiting as found in a 
series of 500 patients, the majority of 
whom had been subjected to rectal opera- 
tions. This selection of cases was made 
because of the infrequency of these com- 
plications, under ordinary conditions, with 
this type of surgery. Most of the patients 
in the series analyzed were ambulatory 
twenty-four to forty-eight postoperative. 
Since such operative procedures are at- 
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tended by little shock and by little disturb- 
ance to the gastrointestinal tract, it was 
thought that a more accurate appraisal of 
the postoperative effect of the anes- 
thesia would be obtained. Most of the 
studies reported in the literature concern- 
ing headache and vomiting following spinal 
anesthesia have been made on patients 
subjected to abdominal operations. It is the 
rule that such patients are recumbent for 
a period of at least seven to twelve days. 
This may explain the discrepancy between 
our figures regarding the frequency of 
headache and those to be found in the 
majority of reports. The experience of 
Harrison? with spinal anesthesia among the 
natives of Arabia, where existing condi- 
tions made it necessary that his patients 
be ambulatory almost immediately follow- 
ing surgery, tends to support this conten- 
tion. Parker’s* report indicating a 20 per 
cent incidence of headache following lum- 
bar puncture alone furnishes additional 
evidence that the frequency of headaches 
is much higher where the period of recum- 
bency is short. 

Our study was based upon an analysis of 
500 cases of Iumbar anesthesia in which 
novocaine crystals were used. In this series 
453 patients were given less than 100 mg. 
of novocaine and forty-seven had 100 mg. 
or more. The technique described by Labat 
was observed in at least go per cent of the 
cases. The headaches were classified as 
moderate or severe. The severe type 
included all patients who suffered intense 
pain and those who complained of head- 
ache for a period of more than twenty-four 
hours. In all, 153 patients suffered from 
postanesthetic headache; of these sixty- 
seven (13.4 per cent), were considered as 
severe and eighty-six (17.2 per cent), as 
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moderate, for a total incidence of 30.6 per 
cent. In 143 cases (93 per cent), the onset 
occurred within twenty-four hours after 
the Iumbar puncture; only in ten cases 
(7 per cent), did the onset occur after 
twenty-four hours. It was also noted that 
of the 453 patients who had less than 100 
mg. of novocaine, 29.6 per cent had head- 
aches, as compared to 10 per cent of the 
forty-seven patients who had 100 mg. or 
more. One patient suffered almost con- 
tinuous headache for seven days and has 
complained of frequent headaches for a 
period of eight months. 

When compared with similar figures of 
other investigators a wide variation was 
noted. (Table 1.) However, this might be 


TABLE I 
HEADACHES FOLLOWING LUMBAR ANESTHESIA 


Incidence of 
No. of 
eadaches, 
| Cases Per Cent 
Evanston Hospital........... | 500 30.6 
Pennsylvania Hospital®....... | 1500 7.3 
Babowck (1913)°.........-... | 5000 21.0 
Koster-Weintrob”............| 6000 10.0 
12.5 
Overholt-Muller’.............| 433 4.0 
150 6.6 
HEADACHES FOLLOWING LUMBAR PUNCTURE ALONE 
| 


expected when it is considered that most 
series of postanesthetic complications to be 
found in the literature represent a wide 
variety of surgical conditions. Inasmuch 
as the character of the surgical procedure 
may greatly influence the postoperative 
course it was our belief that a series of 
cases subjected to the same, or closely 
related, operation would provide a more 
accurate study. 

With the possible exception of the one 
young woman who has complained of 
frequent headaches and occasional spells of 
“faintness” for a period of eight months 
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there have been no serious after effects 
among any of the patients of our series, A 
neurological consultant, after examining 
this patient, assured us that no evidence 
was present which suggested any relation- 
ship between the complaints and the spinal 
anesthesia, but a history which definitely 
dates back to the time of operation seems 
more than coincidental. 

It has been our observation that the 
most satisfactory treatment of a post- 
anesthetic headache is a prolongation of 
the “flat in bed”. period. Nelson® has 
shown that the cause of the post-lumbar 
headache was the leakage of spinal fluid 
from the canal after the puncture and that 
the incidence of headache can be reduced 
substantially by plugging the puncture 
wound with catgut. He also found that the 
supine position seemed to relieve the head- 
ache much more satisfactorily than any 
other form of treatment. Harrison? believes 
that the injection of Irritating solutions 


TABLE II 
INCIDENCE OF NAUSEA AND VOMITING FOLLOWING 
LUMBAR ANESTHESIA 


Nausea | 


and 
| Vomiting, Per Cent Per Cent 
| Per Cent | | 
| 
Evanston Hospital. . 34.6 | 
Pennsylvania Hospi. | 
Overholt-Muller’....;  .... | 31.0 | 14.0 
shes | 18.0 | 13.0 


| | 


plus the increased absorption of cerebro- 
spinal fluid at the site of irritation are the 
factors responsible for most headaches. He 
found a 5.48 per cent solution of procaine 
HCI to which CACI, is added in sufficient 
quantity to make its strength 0.024 per 
cent, to be least irritating. He also advo- 
cates intravenous administration of 5 per 
cent dextrose solution in normal saline at 
the conclusion of the operation, believ- 
ing that this obviates the danger of 
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disturbed hydrodynamics of the cerebro- 
spinal system. 

Nausea and vomiting were encountered 
in our series with greater frequency than 
that reported by most operators. (Table 
11.) However, Wells® records 50 per cent as 
the proportion of his patients who suffered 
nausea and vomiting, while Averholt and 
Muller found that 31 per cent of their 
patients had experienced nausea, 14 per 
cent of them having vomited. Most of our 
patients received morphine preliminary to 
subdural anesthesia which may have ac- 
counted for some of the nausea, but a lack 
of control cases renders any conclusions in 
this regard unreliable. The fact that most 
of the patients in our series underwent 
operations on the lower bowel undoubtedly 
was a factor in the high incidence of 
nausea. 

Twenty-one per cent of the patients 
studied required catheterization. However, 
as temporary bladder dysfunction is com- 
mon following rectal surgery with all types 
of anesthesia this finding was not con- 
sidered worthy of comparative analysis. 

Despite the frequency of headaches, 
nausea and vomiting following spinal 
anesthesia, its wide adoption is testimonial 
to its usefulness. That it confers certain 
benefits upon both the patient and the 
surgeon which can be obtained with almost 
no other form of anesthesia is admitted 
by most authorities. We have chosen this 
method of anesthesia for anorectal surgical 
patients because of its relatively simple 
administration and because it provides 
relaxation of the anal sphincter which is 
superior to all other forms of safe anes- 
thesia, except caudal-sacral block. 

On the other hand, while the disadvan- 
tages of lumber anesthesia for surgical 
procedures confined to the abdomen and 
lower extremities are few, certain minor 
complications are both frequent and dis- 
tressing, and of these, headaches deserve 
first consideration. It is our opinion that 
headaches occur as a complication of spinal 
anesthesia much more frequently than is 
commonly realized and that their incidence 
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is inversely proportional to the time of 
recumbency. Such a state is deserving of 
further investigation if we are to continue 
the use of this anesthetic agent for com- 
paratively minor surgical procedures. We 
have adopted Harrison’s proposal of ad- 
ministering dextrose solution by the in- 
travenous route in an effort to reduce the 
number of headaches, but as yet our series 
of patients so treated is too small to deserve 
comment. 


SUMMARY 


A report of 500 cases of lumbar anes- 
thesia is submitted with special reference 
to the incidence of postanesthetic head- 
ache, nausea, and vomiting in patients 
who are ambulatory within a short period 
after surgery. 

1. Postanesthetic headache occurred in 
30.6 per cent of the cases; this is a much 
higher incidence than one finds in most 
published reports and may be explained 
upon the basis of the following considera- 
tions: cases reported in the literature are 
not selected cases, but those usually 
requiring seven to ten days of postopera- 
tive bed rest; the cases analyzed in the 
present study were largely those on whom 
anorectal operations had been performed, 
these patients requiring only a short period 
of recumbency. 

2. The dosage of spinal anesthesia ap- 
parently has no bearing upon the incidence 
of post-lumbar anesthesia headaches. 

3. The onset of the postanesthetic head- 
ache usually occurs within twenty-four 
hours after the lumbar puncture. 

4. The most effective treatment of such 
headaches is prolongation of the period of 
bed rest. 

5. Nausea and vomiting occurred in 34.6 
per cent of the patients following lumbar 
puncture anesthesia. 
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It appears. that hypophysial deficiency probably is accompanied by 
increased catabolism of proteins of endogenous origin and imperfect utiliza- 
tion of proteins of exogenous origin, whereas anterior pituitary extract 
favors protein synthesis. 

From—‘The Physiology and Pharmacology of the Pituitary Body,” vol. 
1, by H. B. Van Dyke (University of Chicago Press). 
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THE SURGICAL PROBLEM IN PERIPHERAL VASCULAR 
DISEASE* 
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NEW YORK CITY 


HE surgical treatment of peripheral 

vascular disease differs radically from 

the general surgical therapy of similar 
problems in non-vascular patients and lack 
of understanding of this differentiation 
leads frequently to serious and unnecessary 
complications. With the modern care of the 
arteriosclerotic and diabetic patients and 
theimproved results in those with thrombo- 
angiitis obliterans, more of these patients 
are reaching the age when surgical com- 
plications will arise. A report of the 
surgical experience of the Vascular Clinic 
at New York Post-Graduate Hospital 
is therefore timely. 

The problem is handled jointly on a 
combined service with attention directed 
to the medical and the surgical sides at the 
same time. The importance of this factor 
has not been sufficiently stressed. While 
our purpose is to detail the surgical 
management of the vascular problems, we 
wish to emphasize that neglect of the 
medical or conservative therapeutic meas- 
ures will result in ultimate failure, no 
matter how carefully the surgical part is 
conducted. We feel that only by such 
synchronized care can satisfactory results 
be achieved. 


SURGICAL TREATMENT OF INFECTIONS 
IN VASCULAR DISEASE 


1. Infections. An abscess, or paro- 
nychia, in the vascular patient requires 
earlier but less radical intervention than in 
other types of patients, depending, of 
course, on the extent of arterial disease. 
Poor vascularity means poor tissue resist- 
ance, and while early incision is advantage- 


ous, the restricted blood supply will 
retard healing in any extended opening or 
exploration. 

Anesthesia is a problem in these pa- 
tients. An agent which anesthetizes by 
infiltrating the tissue and constricting the 
already restricted vessels may cause great 
damage to the tissues. Figure 1 shows the 
effect of a simple novacaine block at the 
base of the toe in a patient with previously 
undiagnosed thrombo-angiitis obliterans 
surgically treated for an infected ingrown 
toe-nail. The circulatory status of the foot 
was not determined prior to operation. The 
dorsalis pedis artery was occluded and 
simple palpation probably would have 
avoided this complication. Adrenalin, fre- 
quently added to a local anesthetic, has a 
more deleterious effect on the tissue by its 
vasoconstrictor action and must be en- 
tirely avoided. Such anesthetics as ethyl 
chloride, which ‘‘freeze” the tissues, are 
dangerous for the same reason. The impor- 
tance of feeling for the dorsalis pedis and 
posterior tibial pulsations prior to con- 
templated foot surgery is to be emphasized. 

2. Cellulitis. In the diabetic patient, 
earlier and more radical intervention is 
necessary than in the other groups, as 
the diabetic is non-resistant to slight infec- 
tion. In the arteriosclerotic and thrombo- 
angiitis obliterans groups the incision may 
be much less extensive, as the infection 
frequently will localize, and even tissue 
with a necrotic appearance at times will 
revitalize following the stimulation of 
collateral circulation by conservative 
means. Thus early and conservative inter- 
vention is the rule, unless the patient has a 
diabetic complication. Frequent hot soaks 
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followed by dry dressings, as will be 


described, aid materially. 
It is important in 


3. Tenosynovitis. 
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5. Osteomyelitis. Osteomyelitis, as 
shown in Figure 2, in the fifth metatarsal 
phalangeal area requires sacrifice of the 


Fic. 1. Gangrene of toe Gilowing novocaine infil- 
tration at the base for drainage of infected ingrown nail. 
(Thrombo-angiitis obliterans.) 


each infection of this type to x-ray for bone 
involvement. The usual tenosynovitis in 
vascular patients is of the slow, necrotizing 
types which destroys sections of the tendon 
progressively. Adequate opening of the 
overlying tissues and the tendon sheath is 
necessary, but necrotic areas in the tendons 
should not be excised. Such excision not 
only destroys portions of the tendon, 
which may resolve, but an excised tendon 
will retract, setting up a new site of 
necrosis some distance up the sheath. The 
sloughing tendon is permitted to demarcate 
and during this time serves as an excellent 
drain. The substitution of some foreign 
body for such a natural drain is surgically 
unsound. Increasing the general resistance, 
with care as to the vascular and metabolic 
problem, the correction of anemia or other 
pathologic states, combined with the pre- 
vention of any local pocketing in the 
wound, will facilitate the recovery in these 
conditions. 

4. Osteitis. This condition results from 
the general avascularity and disuse. Un- 
less this cause is recognized, an amputation 
may be performed on the erroneous x-ray 
diagnosis of osteomyelitis. Figure 2 shows 
the type of avascular osteitis frequently 
seen in these patients. Such bones will 
regenerate when the overlying infection 
subsides. Any associated infection with the 
osteitis necessarily must be drained. 


part involved. This will be more carefully 
considered with amputation. 

6. Gangrene. Unfortunately, we know 
of no optimal time to amputate. Observa- 
tion of regeneration of an apparently lost 
part makes us conservative. In the diabetic 
patient, it is not wise to procrastinate too 
long as an optimal amputation time cannot 
be maintained for any great period. A 
study of the blood supply should be made 
by palpation, oscillmetric readings and at 
times arteriography with a_ Roentgen 
opaque solution. Attempts to conserve the 
extremity below the place shown by these 
tests to be the point of inadequate circula- 
tion only result in multiple amputations, 
with increased risk. Delay in the arterio- 
sclerotic type is safe for a time if there is no 
evidence of extension of the infection, 
above the ankle. Active medical therapy 
frequently results in surprising recovery. 
When amputation is performed, it means 
mid-thigh, except in the very rare instance, 
since adequate circulation is rarely demon- 
strable below the knee in these advanced 
cases. 

Patients with thrombo-angiitis obliterans 
require local amputations late and only 
after a thorough demarcation has occurred. 
Conservative therapy is so successful with 
these patients that we are glad to report 
that in five years there has only been one 
major amputation in this disease on the 
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Vascular Service, with its very active 
service. Recently we have employed spinal 
anesthesia which temporarily paralyzes the 
sympathetics, as a therapeutic measure in 
threatened gangrene. Embolic gangrene 
requires high amputation in one-half of 
those patients surviving the original vessel 
insult. 

Amputations for vascular disease differ 
from those for traumatic injuries due, of 
course, to the poor blood supply. Oscillo- 
metric readings are of utmost importance 
in this respect as a guide to the extent of 
the vessel patency. Figure 3 shows a 
comparison of the oscillometric readings, 
the arteriographic tracings, the clinical 
data, and the pathologic specimen in a 
patient with embolic gangrene. We were 
able to demonstrate the fact that the blood 
supply was inadequate well above the 
actual arterial block with our oscillometric 
readings, and we rely more and more on 
these simple and effective determinations. 

The general preparations for amputa- 
tions include enemas, control of any 
glycosuria and sedatives, dependent on 
the age and the condition. In addi- 
tion to this routine, woollen underwear 
is used, as most of these individuals 
stand cold poorly. Cyclopropane, if short 
and light, has been demonstrated to be the 
least shocking of the inhalation anesthesias 
for this type of operation, and hyper- 
ventilation for some time postoperatively 
has materially reduced the incidence of 
pulmonary complications. The medical 
management must not be neglected at this 
stage. The effort to increase collateral 
circulation as by the use of adrenalin 
neutralizing tissue extracts, typhoid vac- 
cine intravenously, the oscillating bed and 
thermostatically controlled heat, should be 
continued up to the amputation time and 
resumed thereafter. The problem of the use 
of prophylactic gas gangrene serum is an 
individual one, but in the aged, where 
there has been fecal contamination, it is 
recommended. 

Local preparations are important because 
of the skin contaminations from incon- 
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tinence and long bed confinement. The skin 


is cleansed with green soap the day before 
the operation and twice the operative day. 


Fic. 2. Generalized avascular osteitis well demon- 
strated with an osteomyelitis in the fifth meta- 
tarsal phalangeal joint area. Note differenti- 
ation of avascular osteitis with its generalized 
lime absorption and osteomyelitis with bone 
cortex and continuity lost. 


Iodine, if used, must be very weak and 
removed with alcohol at once to prevent 
damage to the non-resistant skin. The 
tourniquet and Esmarch constrictor should 
be eliminated as this constriction may 
injure the intima of the proximal vessels. 
Skin preparations and drapes should be 
prepared before induction of the anesthesia 
to shorten the anesthesia time. 


A NEW TECHNIQUE FOR VASCULAR 
AMPUTATIONS 


The accepted mid-thigh amputation 


techniques have been found to be unsatis- 
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factory for vascular work. The damaged 
arterial supply makes the construction of 
muscle, fascial and skin flaps impossible 
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thigh over a board splint applied on the 
side of the leg, as advocated by Carter, 
with the painting of the entire area with 


Fic. 3. Embolic gangrene with amputation, showing the value of oscillometric determination in 
selecting the operative site. A, level of skin gangrene. B, pathologic site of embolus. c, x-ray 
evidence of collateral circulation. p, oscillometric and operative evidence of circulation 


competency. 


and such experience in our clinic has led us 
to the development of this amputation 
procedure. A simple circular incision is 
made through all structures down to the 
bone, without efforts to construct flaps of 
muscle or fascia. Muscles are divided high 
with as little trauma as possible with the 
sharp scalpel, and the large vessels are 
ligated individually with transfixion 
suture. The sciatic nerve is divided on 
tension, ligated, and after cartwheel injec- 
tion with absolute alcohol to prevent 
neuromata, is permitted to retract. The 
tissues are retracted up the femur, and, 
without stripping the periosteum, the 
femur is divided with a hand saw and the 
rough edges smoothed with a wood rasp. 
All bleeding is carefully controlled. The 
wound is closed by uniting the skin and 
subcutaneous fascia only, with interrupted 
alloy steel wire, size 34 and 36, without 
drainage. 

The dressings are applied after painting 
with compound tincture of benzoin and 
carefully sealed with adhesive tape. Skin 
extension to remove the pressure at the 
suture line is secured by modified Buck’s 
extension. This is applied with two inch 
adhesive strips extending from the upper 


waterproof shellac. The elimination of the 
muscle and fascia closure not only simplifies 
the technique but, by reducing the usual 
serum collections, makes a better stump 
for the attachment of the artificial- limb. 
The thick, mushy stumps so frequently 
seen are the results of the attachment of a 
muscle shield over the bone end. The steel 
wire sutures, presented by Babcock, elimi- 
nate the tissue reactions to the suture 
materials and can be left indefinitely 
should there by any stump infection. 

With this simplified technique we have 
been able to effect primary union in 
nine out of ten patients. We wish to 
emphasize: 

(1) Choice of amputation site by oscillo- 
metric readings. 

(2) Avoidance of constricting tourni- 
quet. 

(3) Elimination of muscle and skin flaps. 

(4) Modified treatment of the femur, 
nerve and vessels. 

(5) Closure with interrupted alloy steel 
wire. 

(6) Sealing of dressing. 

(7) Adhesive tape extension over splint. 

(8) The technical simplicity and speed of 
the operation. 
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Should there be questionable vascularity 
at the operative site, as after emboli, the 
stump may be left wide open and closed by 
a secondary plastic repair. 

In local amputations of toes for arterio- 
sclerosis, a simple disarticulation is used 
without excision of the tendons, which are 
left long as drains. In general the toes 
should be allowed to self-amputate in 
thrombo-angiitis obliterans cases. Where a 
clean closure is expected, the racquet type 
of incision is the best. 

Dressings. The dressings of vascular 
patients differ in certain respects from 
normal surgical methods. More frequent 
dressings and a more rigid aseptic tech- 
nique are required. While wet dressings 
have an important place in the treatment 
of general surgical infections, vascular 
patients stand them very poorly, due to the 
unavoidable cooling and resultant vasocon- 
striction and reduction of tissue nutrition. 
This chilling may be sufficient to change a 
local condition to a progressively general 
one. Hot soaks followed by immediate 
change to dry dressings are used entirely 
in these infections. The soaking solution 
must be mild in order not to injure the 
delicate tissues; such solutions as saline, 
boric acid or azochloramid in triacetin, 
1:500 solution, being effective. The main- 
tenance of the normal temperature is 
important and the light cage equipped with 
a thermometer with a constant tempera- 
ture of from go to 95 degrees is used. Such 
simple measures as the care of the fre- 
quently associated fungus infections and 
the avoidance of moisture between the toes 
all play their part, together with the 
medical régime, diabetic control and the 
elimination of tobacco. 


SYMPATHECTOMY 


The published results from sympathec- 
tomy in the past are not born out by 
observations and it is our practice to re- 
serve this more serious surgical procedure 
for Raynaud’s disease and the small group 
of cases which do not respond to other 
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measures. Many of the Raynaud cases, 
selected instances of thrombo-angiitis ob- 
literans, some classified as essential hyper- 
tension and the occasional vegetative 
neuroses seem to respond fairly well. It is 
important to realize, however, that in a 
sympathectomy we are merely treating a 
symptom and not the cause, and while we 
are eliminating certain conditions path- 
ologic for the patient’s present state, we are 
substituting other, non-physiologic effects 
for which there must be compensation. We 
do not deride the good results achieved by 
ganglionectomy, for the work of White, 
Adson, Dandy and others have been 
authoritative, but we do believe that the 
entire story as concerns sympathectomy 
results is far from complete or even under- 
stood. For the present this type of proce- 
dure must still be regarded as experimental 
in each case. 

The posterior approach to the upper 
thoracic ganglia has proved satisfactory in 
upper extremity ganglionectomy. By excision 
of a section of the second rib and second 
transverse process, the lower cervical, first, 
second and third as well as part of the 
fourth dorsal ganglia can be resected. 

The lumbar sympathectomy requires gen- 
eral surgical as well as neural or vascular 
surgical ability, as all the intra-abdominal 
complications, at times, may be met. 
Adhesions, growth, etc., may be encoun- 
tered and the patient will be as subject to 
the possibility of peritonitis or obstruction 
as after any laparotomy. The results in 
general are better than after cervical 
ganglionectomy. 

The incision should be adequate and 
midline from the pubis to the umbilicus. 
The intestines are packed off with pads and 
by Trendelenburg position. On the left side 
the sigmoid and descending colon must be 
elevated, the posterior peritoneum incised 
and the ureter, sigmoid and aorta gently 
retracted medially. The ganglia lying on 
the lumbar vertebrae medial to the psoas 
muscle are dissected free by a gauze sponge. 
The ganglia of the third and fourth lumbar 
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segments are removed. On the right side the 
vena cava presents an added problem and 
the incision in the posterior peritoneum 
should be made laterally to this organ. The 
vena cava is then retracted medially and 
by retracting the cecum, small intestine 
and ureter laterally, the ganglia can be 
excised. The usual abdominal closure is 
made after suturing of the posterior 
peritoneum. 
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SUMMARY 


1. Variations in the treatment of infec- 
tions in vascular patients from general 
surgical patients are outlined. 

2. General and surgical vascular prob- 
lems are noted. 

3. A new modified technique for mid- 
thigh amputation is detailed. 

4. Sympathectomy is discussed. 


Tue form of an aneurysm depends first upon whether a considerable 
stretch of arterial wall gives way or whether one particular spot weakens. 
A diffuse weakening makes a fusiform aneurysm: a local one, a saccular 


aneurysm. 


From—‘“Circulatory Diseases of the Extremities” 


(Macmillan). 


by John Homans 
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SELECTIVE THORACOPLASTY 
RESULTS OF A SERIES OF THIRTY CASES 


JouN Roserts PHILLIPS, M.D. AND 


Visiting Surgeon, St. Joseph’s and Memorial Hospitals 


HOUSTON, TEXAS 


monary tuberculosis, many advances 

have been recently made. The reports 
of thoracic surgeons have improved the 
outlook to such an extent that we may now 
safely promise approximately 85 per cent 
cures. Of all the patients that the phthisi- 
ologist sees, only 15 per cent become and 
remain well after sanatorium regimen 
alone.In the remaining 70 per cent, collapse 
therapy must be instituted. Artificial 
pneumothorax, while not always our first 
choice, must be accepted as being the most 
universally applicable. Unfortunately, due 
to unsurmountable adhesions, one is not 
always able to induce a collapse by this 
method. Surgical collapse then becomes 
necessary for the desired cure. 

While the indications for surgery in 
pulmonary tuberculosis have been some- 
what limited in years past, there come to 
our attention more and more instances 
where some sort of permanent collapse is 
advisable. Each thoracic surgeon in the 
field has his own requisites for operation, 
but we should like to classify these indica- 
tions in what seems to us a practical and 
simple manner: 

1. Persistence of symptoms which are 
distressing to the patient; i.e., severe 
cough, productive sputum, chills, fever, 
hemoptysis. 

2. Persistence of positive sputum. 

3. Persistence of x-ray evidence of cavi- 
tation or honeycombing. 

As we see more patients with old smould- 
ering lesions, we have been more and more 
suspicious that honeycombing is the under- 
lying pathology. While it is not always 
possible to demonstrate this with ordinary 
films, we feel that one is more apt to have 
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success with Oechsli’s method of taking a 
hard film with the Potter-Bucky dia- 
phragm. In no instance do we advise 
surgery for exudative tuberculosis; such a 
lesion, if not improved with sanatorium 
care and recumbency, will only glorify 
mortality statistics. Needless to say, any 
degree of cavitation must be closed to 
prevent spread of the disease to other parts 
of the lung; persistently positive sputum 
and hemoptysis can frequently be traced to 
cavitation. 

We have no special prerequisites for 
surgical risk other than our aforementioned 
maxims. The patient must be as reasonable 
a risk for thoracic surgery as for any other 
major surgical procedure. In diabetics, 
acidosis must be combated; in cardiacs, 
decompensation corrected; in syphilitics, 
serology controlled. In fact, anything is 
done to improve the general operative risk. 

Technique, we believe, has been well 
standardized and needs little comment. 
Rib beds are routinely formalinized to 
obviate threatened rib regeneration should 
a long interval be deemed necessary be- 
tween stages. No more than three or four 
ribs are resected at one stage as a rule, the 
number depending upon the condition 
of the patient at the operating table. Any 
evidence of paradoxical respiration termi- 
nates the operation.The first rib is removed 
in toto, and the lengths of succeeding ribs 
removed is determined by the underlying 
pathology. In all cases, the resection begins 
posteriorly with the costovertebral articul- 
ation. The last rib or two is resected shorter 
to afford a better cosmetic appearance to 
the thoracic cage. In addition, we believe 
that this helps to prevent impingement of 
the scapula behind the last resected rib. 
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Fic. 1. Case 1. A, large basal cavity remaining after temporary phrenic interruption. B, after eleven-rib 
graded collapse. 


A B 
Fic. 2. Case 11. A, extensive tuberculosis of right lung and moderate contralateral involvement. B, show- 
ing what a phrenic interruption plus one stage of a five-rib collapse will accomplish. Note clearing 
of opposite lung. 
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A B 
Fic. 3. Case 111. A, re-expanded pneumothorax, leaving cavity in upper left lobe. B, after a seven-rib 
graded collapse. 


A B 
Fic. 4. Case Iv. A, 12 cm. cavity in right upper lobe. B, after four stages of a graded eight-rib collapse. 
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N Cc ‘ S Stage No. Prelim. pee Surgical R k 
" eis Sex| Race | Age | Side | Stages Interval | Ribs | Treatment |° rags Indication betaine 
1| H.W.F F W 61 4 Pneumo.* | 6 yrs. Pos. sputum. X-| Markedly improved 
3 mo. ray—apical| since 2-4-37. Further 
cavity surgery refused. Neg. 
sputum 
2} R.J. M WwW 20 L 2 30 days 4 | Phren.t 6] 3 yrs. Pos. sputum. X-| Well since 5-20-37, 
wks. ray—apical| Neg. sputum and 
cavity x-rays 
3| L.M. M WwW 60 R 3 | San’mt 6| 6 yrs. Pos. sputum. X-| Incomplete and un- 
yrs ray—extensive| traced. Did not re- 
involv. whole} turn 
rt. with cavity 
4| CE. M W 290 E, 3 24 days 9 San’m_ 6] 7 yrs. Pos. sputum. X-| Improved since 1-18- 
192 days yrs ray—cavity| 38. Sputum neg. Ant. 
left upper.| stage necessary for 
Hemoptysis-25|} remaining 114 
x daily sputum 
$4 Bas. M W 28 R 3 30 days 7 |San’m 4] 4 yrs. Pos. sputum. X-| Improved since 6-15- 
yrs. ray—bilateral | 37. No sputum. Op- 
involv. with] posite lung healing 
cavity rt. upper 
6|S.M F W 23 R 2 90 days 6 | Rest 1134] 114 yr. | Pos.sputum. X-| Well since 2-18-38. 
yr. ray—cavity rt.| Neg. sputum 
upper 
7| F.M. M 25 60 days 7 |San’m_ 3] 3 yrs. Pos. sputum. X-| Improved since 1-10- 
yrs. ray—cavity]| 38. Sputum pos. but 
left upper reduced. Needs fur- 
ther collapse 
So) ¥Y.H. M W 34 R 2 90 days 7 |San’m_ 5| 5 yrs. Pos. sputum. X-} Improved since 1-5-38. 
yrs ray—cavity rt.| Dyspnea after second 
upper stage. Pos. sputum— 
needs further collapse 
4.¥. F W 34 2 30 days 6 |San’m 4] 4 yrs. Pos. sputum. X-| Improved since 3-9-38. 
scap. | yrs. ray—cavity| Sputum decreased 
left upper 
10] E.B. M W 39 R 3 San’m 4| 4 yrs. Pos. sputum. X-| Improved since 3-9-38. 
yrs. ray—cavityrt.| X-ray and sputum 
upper improvement but 
both positive. Con- 
tralateral temporary 
flare-up. Refuses fur- 
ther surgery 
11| C.G.H M W 23 R 3 596 days 7 | San’m 3}4 | 334 yrs. | Pos. sputum. X-| Well since 2-27-38. 
21 days yrs. ray—multiple | Severediabetes. Prev. 
Phren. 1 cavities upper} history septic bilat- 
yr. rt eral parotitis, rt. TB 
empyema. No surg- 
ical complication 
12| R.J.K M Ww 34 R 3 |San’m 2] 4 yrs. X-ray—honey-| Well since 12-10-36. 
mo comb lesion rt.| Never had sputum 
apex 
13| E.J.G M W 36 5 | San’m 514 | 6 yrs. Pos. sputum. X-| Well since 8-6-35. Ex- 
yrs. ray—cavity]| tensive one-stage op- 
Phren. 3 and honeycomb] eration. High dia- 
yrs. left apex phragm from phrenic 
op. 
14| E.P. M W 24 R 3 San’m_ mo Pos. sputum, | Improved since 12-4- 
mo. hemoptysis. X-| 36. Refused further 
Pneum. 8 ray—cavity rt.| surgery. Working. No 
mo upper further hemoptysis. 
Sputum pos. 
Pere A: M WwW 26 R 43 days 7 |San’m1}4/ 4 yrs. Pos. sputum,| Well since 1-31-38. 
665 days yrs. hemoptysis. X-| Had refused further 
90 days ray—7cmcav-| surgery after first 
ity rt. apex stage until hemopty- 
sis. Anterior stage 
done 
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R A Sid Stage No. Prelim. Surgical 
Case | Sex| Race Be — 6 Interval | Ribs | Treatment Penh Indication 
GH. M W 30 L 2 32 days 4 | San’m 1}4 |} 2 yrs. Pos. sputum. X-| Well since 11-30-37. 
yrs. ray cavity left| Working. Opposite 
Pneum. 16 upper, honey-| lung cleared 
mo. comb both 
uppers 
W.T. M 30 5 |San’m_ 6 yrs. Pos. sputum,| Well since 1-21-36. 
yrs. hemoptysis. X-| Streaked sputum for 
Phren. 3 ray—cavity| 178 days postoper- 
mo. and honeycomb} ative. Now asympto- 
} upper left matic and working 
0.S M : a 20  F 2 64 days 5 San’m_ 8] 15 mo. Pos. sputum, | Improved since 3-7-36 
mo. chills, fever. X-| Refused further col- 
Phren. 3 ray—cavity| lapse. Asymptomatic 
mo. and honeycomb] working 
whole left 
M 30 R 3 San’m 5|13 mo. | Pos.sputum. X-| Well since 4-16-37. 
mo. ray—7cm.cav-| Refused further sur- 
ity rt. upper gery. Cavity closed; 
: sputum negative 
E.E.D. F Ww 25 R 3 73 days 11 |San’m_ 1] 4 yrs. Pos. sputum,| Well since 8-8-36. 
50 days yr. hemoptysis. X-| Moderate kyphosco- 
Phren. 6 ray — 6 cm.| liosis; no complaint 
mo. basal cavity rt 
A.K. M G 20 i 2 19 days II San’m 9!19 mo. | Pos. sputum,] Well since 4-16-37. 
mo. chills, fever. X-| Syphilis 4 plus, con- 
Phren. 2 ray—multiple| trolled by mapharsen. 
mo. cavities to 4] Open  thoracostomy 
Thoraco- cm. with mixed} necessary for tension 
tomy 2 empyema left pneumothorax. Oleo- 
mo. thorax P.O. for em- 
pyema pocket 
E.V.Mc. | F W 23 LE 3 21 days 7 |San’m 2] 4 yrs. Pos. sputum. X-| Well since 1-22-36. 
35 days yrs. ray—4cm.cav-} P.O. pulmonary em- 
Pneum. 18 ity left upper bolus third stage. 
mo. 2 Recovery 
yo PE F W 31 L 3 49 days 7 |San’m 10| 20 mo. | Pos.sputum. X-| Well since 2-27-38. 
27 days mo. ray—cavity| Closed pneumolysis 
Pneum. 8 left upper. In-| unsuccessful—2  at- 
mo. efficient pneu-| tempts 
mothorax 
H.M.H. F W 25 R 2 36 days 5 San’m 18| 20 mo. | Pos. sputum. X-| Well since 5-14-37 
mo. ray—honey- 
comb rt. upper 
M.K.G. F W 25 : 2 85 days |6with| San’m 3] 434 yrs.| Pos. sputum. X-| Improved since 2-17- 
scap. | yrs. ray—1o cm.| 37. Large cavity 
Pneum. 4 cavity left up-| closed. Needs bilat. 
yrs. per. Honey-| collapse but refuses. 
comb rt. apex Pneumolysis failed 
V.L F W 32 R 2 8 mo. 5 |San’m = 3] 34% yrs.| Pos. sputum. X-| Well since 3-26-37 
yrs. ray—multiple 
Phren. 1 cavities to 4 
yr. cm. upper rt. 
F W 24 R 4 145 days |8with| San’m_ 7 yrs. Pos. sputum. X-| Well since 3-3-37. 
30 days | scap.| yrs. ray—12 cm.| First stage ineffective 
30 days Pneum. 2 cavity rt. upper} Wilms-Sauerbuch. 
yrs Anterior stage done. 
Had P.O. third stage 
lobar pneumonia. Re- 
covery 
L.D F WwW 31 E 2 20 days II San’m 10] 10 yrs. | Pos.sputum. X-| Well since 8-14-35. 
yrs ray—diffuse| Extensive 5-rib first 
Phren honeycomb] stage—graded second 
whole left.| stage 
Hemoptysis 
C.M.M. F W 40 R 3 140 days 5 |San’m 11/14 yrs. | Pos.sputum. X-| Well since 3-30-38. 
39 days yrs ray—honey-| Limited vital capa- 
comb upper rt.| city (800 c.c.) requir- 
marked fibrosis} ing single rib removals 
E.M.C. F W 34 R 2 53 days 5. |San’m 16] 119 yrs.| Pos. sputum. X-| Unfinished. Improved 
mo. ray—8 cm. cav-| since 3-1-38 
Phren. 7 ity rt. upper 
mo. 


* Sanatorium regimen. 
T Pneumothorax (artificial) previous to surgery. All cases had trials, mostly failures. 
} Phrenic interruption on the side operated (temporary). 
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Transverse processes are removed where 
the cavitation is large or centrally located. 
Generally speaking, basal cavities are more 
difficult to close than apical cavities of 
comparable size. Resection is not so radical 
is cases where honeycombing was the sole 
lesion; every effort is made to leave the 
patient with as much breathing space as 
possible. On the other hand, some cases 
require additional anterior collapse. 

We have found ethylene-oxygen-local 
the anesthetic agent of choice. Patients are 
urged routinely to rid the trachea of secre- 
tions before the induction of anesthesia and 
again before leaving the operating room. 
To facilitate this, the operation is carried 
out in slight Trendelenburg position, and 
the patient placed in bed for four hours in 
this position. A small dose of nembutal is 
given the night before surgery and mor- 
phine or pantopon immediately before the 
operation. No atropine is given as it tends 
to thicken secretions. Operating time is 
reduced to a minimum without sacrificing 
careful technique. Patients are given glu- 
cose in saline routinely postoperatively and 
occasionally acacia is added where the 
pulse volume is weak. In no instance have 
we had to give transfusion of blood, but we 
would recommend it where there has been 
much blood loss. A soft diet is encouraged 
by the second or third day and the patient 
allowed a back rest by the fourth day. As a 
rule, most patients are out of bed by the 
eighth day. We have always encouraged 
our patients to be ambulant at least a week 
before operation. Oxygen is given if 
cyanosis or dyspnea develops. 

While the series of cases we are reporting 
is not large, we believe it to be significant 
of nearly every type of surgical tuberculosis 
encountered. Moreover, unlike sanatorium 
cases, most of these patients elected sur- 
gery as private patients, and not a few were 
operated on in general hospitals. In the 
series there were seventeen male and 
thirteen female patients; twenty-six were 
white and four colored. All but one were 
classified as far advanced cases. All had had 
previous sanatorium management, the 
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average duration of which was thirty-four 
months. The average duration of symp- 
toms was 4.2 years; one patient with 
cavernous tuberculosis had been treated 
expectantly for fourteen years. The left side 
was operated on in fourteen patients and 
the right is sixteen. Eight patients had one 
stage, fourteen had two, six had three and . 
two had four stages. There was one supple- 
mentary anterior thoracoplasty. The aver- 
age number of ribs removed was 5.7. The 
average interval between stages was forty- 
five days; this was computed after dis- 
counting instances where the interval was 
145, 192, 240, 596 and 665 days in patients 
who could have been operated sooner but 
who had to defer surgery because of cir- 
cumstances beyond their control. 

The results of our series were gratifying. 
There was no mortality; moreover, eight- 
een patients, or 60 per cent, were cured, 
ten, or 33 per cent, were improved, and two 
were unfinished at the time of this report. 
Of the improved classification we believe 
that the majority could be made eligible 
for cure if they elected further surgical 
collapse. Sooner or later recurrence of 
symptoms is bound to occur, and we 
strongly urged such patients to continue 
treatment with this in mind. One patient 
had severe diabetes with blood sugar levels 
before operation as high as 420 mg. per 
100 c.c. However, no complications oc- 
curred in this case, and the patient sub- 
sequently underwent a bilateral cataract 
operation with like success. It was interest- 
ing to note that the insulin requirement in 
this case was reduced from 150 units daily 
before operation (when the patient was 
bed-ridden) to 35 units postoperatively, and 
this in spite of a gain in weight, increase in 
diet and a marked increase in energy out- 
put. All patients had sufficient vital 
capacity except one whose measure was 
800 c.c. In this case as in another incom- 
plete case, operation was carried out by 
single rib removals to insure recovery. 

There were various sized cavities in this 
series, the largest being 10 by 12 cm. We 
have tried to emphasize that any lesion 
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comprising 25 per cent pulmonary tissue in 
one Jung must have permanent collapse, 
and it is our feeling that much of the honey- 
combing that we see is due to re-expansion 
of inadequately collapsed cases of artificial 
pneumothorax. Hemoptysis was a common 
complaint in such cavity cases and it 
frequently persisted for some time after 
operation. One patient had had twenty- 
five severe hemorrhages before coming to 
surgery. Another was subjected to the old 
Wilms-Sauerbruch operation for a rela- 
tively large cavity; this took three stages 
of secondary thoracoplasty for eventual 
~ closure. Our aim was cavity closure in each 
instance so that the walls of the cavity 
would be held closed permanently after 
fibrosis was established. 

There was but one case of postoperative 
flare-up with recovery. Any sign of exuda- 
tive inflammation as evidenced by interval 
x-rays was sufficient to postpone further 
surgery. There was one postoperative 
pulmonary embolus with recovery. One 
patient had a postoperative wound infec- 
tion which we believe came from a crust 
at the site of a previous scar. In this regard, 
we emphasize rigid asepsis both before and 
at operation. Green soap and water, 
repeated, then ether and mercresin con- 
stituted our routine. 


CONCLUSIONS 


We have not presented anything new in 
the surgical management of pulmonary 
tuberculosis. However, we wish to re- 
emphasize certain conclusions which we 
believe must be accepted if good results 
are to be obtained. 

1. The type of operation has been well 
standardized and is relatively safe; there 
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were no deaths in this series of consecutive 
cases representing sixty-two stages of 
operation. 

2. There are certain requisites for surgi- 
cal collapse as well as for surgical risk. 
Contralateral disease is no contraindica- 
tion; as a matter of fact, the unoperated 
side seemed to improve with each stage of 
operation where involvement had been the 
result of cross infection from the involved 
side. 

3. Minimal sacrifice of pulmonary tissue 
but sufficient collapse for cavity or honey- 
comb closure is paramount. 

4. The results of this-series of cases are 
encouraging. Although only 60 per cent of 
our patients are well,* the 33 per cent who 
were improved are eligible for the “well” 
category if they can be persuaded to elect 
further surgical collapse. There were no 
unimproved patients in the series. 
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HE diagnosis of empyema thoracis 
having been made, it is accepted by 
many authors that the selection of a 
method or combination of methods to be 
used in treatment must be governed by 
the individual, clinical features and require- 
ments of the case. The division of the 
profession into two camps, one advocating 
the so-called “open method” and the 
other the so-called ‘‘closed method,”’ is 
unfortunate. 

Surgically speaking, empyemas have 
been divided into two groups, the syn- 
pneumonic and the postpneumonic types. 
These conditions, although both bear the 
label “empyema,” are different in every 
respect. No method of treatment can be 
intelligently selected without a thorough 
appreciation of these differences and their 
significance. The following points of con- 
trast will make clear the most important 
differences between them: 


Postpneumonic Type 
Pus accumulates late in 
the pneumonia, or even 
after the pneumonia 
has resolved. 


Synpneumonic Type 

1. Pus accumulates early 1. 
in the pneumonia, some- 
times even before the 
consolidation is appar- 
ent. 

2. Cultures yield the 2. 
streptococcus, or, less 


Cultures yield the pneu- 
mococcus alone or as 


frequently, the colon the predominating or- 
bacillus, alone or as the ganism in a _ mixed 
predominating organ- pyogenic infection. 
ism in a mixed pyogenic 

infection. 


Onset is marked by a 
resumption of fever, 
which assumes septic 
characteristics. 


3. Onset is not associated 3. 
with a change of tem- 
perature but the pneu- 
monic fever continues 
as a sustained rise. 

4. Toxicity is marked. 

5. Pus is thin with few 
fibrin clots. 


. Toxicity is slight. 

. Pus gradually becomes 
thick with much coagu- 
lated fibrin. 

There is a tendency to 
localization, with early 
formation of adhesions. 


6. There is rapid involve- 6. 
ment of the general 
pleural cavity, adhe- 
sions forming [ate. 


EMPYEMA ‘'THORACIS 


EXPERIENCES IN THE TREATMENT OF‘104 CASES EMPLOYING A 
DOUBLE-CHANNEL CATHETER FOR DRAINAGE 
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There is no reason to doubt the sin- 
cerity or honesty of any of the authors who 
have reported their individual methods of 
treatment of this disease. It must, there- 
fore, be deduced that success depends more 
upon the individual than upon the method 
which he uses. 

The method of choice in drainage 
depends upon the underlying pathologic 
physiology which requires correction. Of 
—— importance are the following: 

. The subatmospheric pressure nor- 
aa within the pleural cavity. 

2. The infecting organism. 

3. The presence or absence of localizing 
adhesions. 

4. The site at which pus most directly 
contacts the chest wall. 

5. The amount of fibrin clots present. 

6. The patient’s general clinical con- 
dition. 

7. The presence or absence of bac- 
teremia. 

Other things being equal, a lung upon 
the autopsy table responds to the same 
physical laws as a lung within the pleural 
cavity. In other words, a consolidated lung 
will sink and an aerated lung will float. 
Except, therefore, in massive empyemas, 
involving the whole pleural cavity, or 
those which form in the presence of impor- 
tant preéxisting adhesions, the re-aerated 
lung in postpneumonic empyema will float 
and the greater amount of pus will be found 
in the posterior costal gutter. The con- 
solidated lung in synpneumonic empyemas, 
on the other hand, will sink and the pus 
will be displaced upward to the anterior 
chest wall. Exception, perhaps, should be 
made for those cases of streptococcus 
empyema, which occur in the absence 


of any demonstrable consolidation. It 
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becomes immediately apparent that the 
physical and x-ray signs must be inter- 
preted in the light of this simple fact. The 
distribution of the pus may also differ 
according to the position occupied by the 
patient in bed during the sojourn of 
the pneumonic consolidation. In one of 
the author’s cases, bilateral empyema 
developed while the patient was in a 
respirator. The longitudinal distribution 
of the pus in the pleural cavity was so 
uniform that the x-ray failed to give 
diagnostic evidence of its presence. 

It is also apparent that the routine 
choice of the eighth interspace in the mid- 
scapular line as the site of election for 
diagnostic puncture or for drainage cannot 
be expected to yield the best results. 

In the average case, the diagnosis of 
empyema Is easy, as Is also the localization 
of pus by diagnostic tap. It is clear, how- 
ever, from the remarks of the preceding 
paragraph, that mistakes can readily be 
made. If the pus is loculated, it may be 
apically placed, supradiaphragmatic or 
interlobar; or there may be several pockets 
either isolated or communicating. In such 
instances, the same care must be taken 
in localization as would be given a lung 
abscess. 

In general, it may be said that, if any 
difficulty is encountered in obtaining pus 
at thoracentesis, or in demonstrating an 
ample amount of free space with the 
aspirating needle, x-ray localization is 
necessary. This can generally be accom- 
plished by taking, in addition to the usual 
postero-anterior film, an anterior and 
posterior oblique view of the affected side, 
especially after the replacement of some 
pus by air. It goes without saying, of 
course, that, in multilocular accumula- 
tions, the greatest care must be taken and 
drainage effected at more than one point 
if necessary. 

In patients who remain immobile over 
long periods of time in bed, the cellular 
elements in the pus settle to the bottom 
of the pleural cavity. It is then possible to 
obtain by aspiration an entirely erroneous 
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idea of the percentage of pus in the effusion, 
depending upon whether the heavy sedi- 
ment or the relatively clear supernatant 
liquid is drawn out. 

The cure of an empyema takes place by 
the obliteration of the pleural cavity 
through synechia of the opposing surfaces. 
No empyema can be looked upon as cured 
until synechia is complete, and the faster 
this fusion can be induced, the more 
quickly is a cure obtained. 

In open drainage the process of healing 
is a progressive adhesion of the two sur- 
faces, beginning at the periphery. of the 
empyema pocket and moving inward. 
Clean exudative pleural surfaces, when 
brought into contact with each other, will 
fuse. It is apparent, therefore, that fusion 
will take place only when there is no 
pyogenic membrane and when the pro- 
duction of exudate has ceased, i.e. when 
the underlying inflammatory process has 
subsided. It is logical to assume that when 
these conditions exist, the progress of 
healing is accelerated by approximating 
the surfaces of the pleura. The application 
of negative pressure to the pleural cavity 
not only provides mechanically for this 
approximation, but in so doing causes the 
removal of the pyogenic membrane by 
friction of the two surfaces. In acute cases, 
the author has seen this process completed 
in the remarkably short time of ten days. 

The choice of time and method in drain- 
age is much facilitated by this knowledge. 
Unless dyspnea, toxicity, or remote com- 
plications, such as pyelitis or nephritis, 
demand early interference, nothing is to 
be gained by drainage before the pneu- 
monic process is cleared up. The patient 
suffers less inconvenience if he is relieved 
symptomatically until such time has 
arrived by repeated aspiration. It is not 
always easy to judge the condition of the 
underlying lung, and, in case of doubt, 
early drainage under strictly closed pre- 
cautions is better than allowing the defen- 
sive thickening of the pleura to proceed 
too far, inviting the complication of 
bronchial fistula or chest wall abscess. 
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Below is presented a method of drain- 
age, which I have used with considerable 
success. I have no desire to urge its general 
adoption. On the contrary, I believe 
that when the fundamental principles are 
observed, an individualized technique is 
more likely to assure the attention to 
detail which is so essential to success. There 
is a persistent opinion among a certain 
group of men, however, that treatment 
cannot be begun until a rib has been 
resected. This attitude is dangerous and 
reactionary. Even its advocates admit its 
disadvantages in children, where the prob- 
Iems faced are the same as in adults, but 
where the risks of anesthesia, open pneu- 
mothorax and mediastinal flutter are 
naturally increased. Rib resection still 
has its place in the treatment of empyema 
but, where proper nursing and supervisory 
care are available, complete drainage under 
all circumstances in the acute cases is 
possible without its use. If the oper- 
ator proceeds without prejudice upon the 
assumption that empyema per se should 
never be a cause of death, it is generally 
easy to decide upon the right thing to do 
at the right time. 

It is unnecessary to enter into the gen- 
eral physiologic and anatomic principles 
governing the treatment of empyema, 
since the subject has been treated compre- 
hensively in a vast literature already 
extant. Studies made by Graham,! Con- 
nors,” Fitzgerald, Kenyon,‘ Holt,® Harloe,° 
are especially recommended for the perusal 
of the reader who wishes to go more deeply 
into the general aspects of the subject. 


TREATMENT OF CHRONIC EMPYEMA 


By chronic empyema is meant, in this 
group of cases, patients who have been 
draining pus externally or internally from 
the pleural cavity for two months or more 
without showing signs of improvement. 

The causes of chronic suppuration in 
empyema are: (1) foreign body in the 
pleural cavity; (2) osteomyelitis of the 
ribs; (3) specific infections; (4) broncho- 
pleural fistula; (5) inadequate drainage; 
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and (6) pleural dead space. This paper 
concerns itself chiefly with the application 
of negative pressure to the treatment of 
empyema. It is obvious, therefore, that a 
discussion of the above enumerated prob- 
lems goes beyond its intended scope. They 
shall be considered only as they are related 
to the author’s method of treatment. 

1. Foreign body in the pleural cavity 
should always be ruled out before the 
treatment of chronic empyema is begun. 
When present, it can be removed by 
pleuroscopy without operation and without 
anesthesia, local or general. Irrigations 
under negative pressure with the cathe- 
ter inserted through the sinus hastens 
recovery. 

2. Osteomyelitis of the ribs was the only 
associated condition requiring rib resection 
in the seventeen cases of chronic empyema 
reported herewith. In two cases, it was the 
only condition present, the empyema hav- 
ing been satisfactorily treated in one case 
fifteen years previously. 

3. Of specific infections, the commonest 
offender is the tubercle bacillus. Negative 
pressure irrigations can be successfully 
used to keep the pleura clean, to bring 
about expansion of the lung and to prevent 
amyloidosis. The underlying tuberculous 


pulmonary lesion can be treated by staged > 


thoracoplasty at the same time. Experience 
to date would indicate that synechia of 
the pleural surfaces is not likely to take 
place. Some reduction, however, in the 
volume of pleural dead space may be 
obtained, and the radical nature of the 
Schede operation as at present used may 
be limited in direct proportion to the suc- 
cess of efforts in this direction. 

4. Bronchopleural fistula is a much more 
frequent complication of empyema than 
is commonly believed. In a series of twenty- 
five consecutive cases, the writer injected 
methylene blue into the pleural cavity.at 
the time of the initial thoracentesis. It 
was expectorated in ten cases (40 per cent). 
This is undoubtedly a higher average 
than would be found in a larger series of 
patients, but it emphasizes the fact, never- 
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theless, that bronchopleural fistula should 
always be kept in mind as a possibility. 
In its presence, negative pressure cannot 
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lung as it gradually occupies the posterior 
costal gutter. 
5. Inadequate drainage as a cause of 


Fic. 1. Cross section of human thorax just below the bifurcation. The close rela- 
tion of the pleural cavity to the posterior bronchial wall is clearly shown, 
especially on the right. The relation is equally close on the left, but slightly 


lower. The bronchi are indicated at 7. 


be used and irrigations must be used with 
great caution, if at all, on account of the 
danger of flooding the lung. It should not 
be looked upon as a serious problem in 
patients not previously operated on. In 
this series, spontaneous closure took place 
in all cases in from five to seven days 
following the initiation of drainage. 

If a cross section of the human body is 
made at the level of the bifurcation, the 
parietal pleura is found to be in close 
relation to the posterior wall of the stem 
bronchus on both sides. (Fig. 1.) The 
bronchi are deficient in cartilage poste- 
riorly and have no external protection 
except a thin layer of loose areolar tissue. 
They are, therefore, directly subjected 
to the effects of pus confined within the 
pleural cavity under increased pressure. 
Here, then, is the easiest and most direct 
route for perforation into the airways. 
I have been able to establish this as the 
site of fistulization in four cases; two by 
bronchoscopy, one at autopsy and one by 
lipiodol radiography. (Fig. 2.) The ana- 
tomic location explains the frequency and 
rapidity with which these openings close, 
since, as soon as drainage is established, 
they are occluded by the re-expanding 


chronic empyema results from: (a) depend- 
ence upon an opening which is too small 
to evacuate the pleural cavity; (b) allowing 
the external fistula to close before the lung 
is fully re-expanded; or (c) improperly 


Fic. 2. X-ray of chest after injection of pos- 
terior sinus by opaque oil. The location of 
the fistula in the right bronchus is clearly 
indicated. (See Figure 1.) 


selected drainage site. The first two are 
faults frequently encountered in closed 
drainage cases. They may be corrected 
by rib resection if this method is used 
early enough to prevent extreme thicken- 
ing of the pleura. A cure can be obtained 
more quickly, however, and without rib 
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resection, by the method to be described 
later. In the third instance—improperly 
selected drainage site—the fault lies in 
improper localization of the pus. The tube 
may be inserted too high, leaving a col- 
lection of stagnant pus below it. It may be 
too near the periphery of a localized pus 
pocket. The opening will then be quickly 
obstructed by the rising diaphragm or the 
re-expanding lung. 

6. In the treatment of chronic empyema 
with pleural “dead space” as the only 
apparent cause of chronicity, the applica- 
tion of the method to be described finds 
Its greatest value. 

It has been claimed by some authors 
that, when the lung fails to re-expand, an 
atelectasis, due to bronchial obstruction, 
should be suspected. I have not been able 
to find in my personal experience or in 
bronchoscopic examinations in the services 
of other men, any clinical evidence in 
support of this theory. On the contrary, 
even if obstruction of the bronchus were 
found, it would have to be looked upon as 
the effect, rather than the cause, of the 
thickened pleura and the collapsed lung. 

The removal of the obstruction should, 
therefore, be sought as a natural result 
of the restoration of function by re-expan- 
sion of the lung. In seventeen chronic cases 
(see summary Table 11) the empyema was 
cured without rib resection; in eleven 
cases this was accomplished by causing 
a partially atelectatic lung to re-expand. 
The single or combined effect of removal 
of foreign body from the pleural cavity; 
the correction of the drainage site, and 
the application of negative pressure, either 
through the old, or through the corrected 
site of drainage brought about the result. 
In seven of these cases, I am convinced, a 
cure without operation must be attributed 
to the beneficial effect of negative pressure 
on a clean and gradually thinning pleura. 
At least, it has been demonstrated beyond 
doubt that, in the absence of osteomyelitis 
of the ribs and specific infections of the 
pleura, no major surgical procedure should 
be embarked upon without giving the 
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method a fair trial. It has never failed in 
my cases except in the presence of the two 
conditions mentioned above. 


METHOD OF DRAINAGE 


This method was first described in 1933. 
Up to that time, no record could be found 
in the literature of the use of a two-way 
catheter in the treatment of empyema. 
Recently, however, Bloxsom’ has described 
a set-up utilizing a return-flow glass douche 
bulb by which the same principles of treat- 
ment may be applied. 

In the author’s method,® a flat catheter, 
13 mm. wide, with two size 18 French 
channels, is inserted intercostally by a 
specially-designed trocar and cannula. (Fig. 
3.) If there is no bronchial fistula, the 
branches are connected to a bottle con- 
taining normal saline solution on one side 
of a supporting standard and to a syphon 
system on the other side. (Fig. 4.) 

It will immediately be seen that vari- 
ations in the application of pressure to 
the pleural cavity may be regulated by 
changing the levels of the saline bottle 
or of the drainage bucket. In practice, 
however, it has been found best to initiate 
drainage with the relative levels as shown. 
Inflow and outflow may be regulated by 
pressure of the fingers on the corresponding 
tubes. The content of the pleural cavity is 
alternately increased and decreased, using 
hot salt solution. In this way, the collapsed 
lung is gently “‘massaged” until evacu- 
ation of the pus is complete, a period which 
need not occupy more than thirty minutes. 
Continuous irrigation under constant nega- 


. tive pressure is then started. In order to 


avoid too great an exertion of negative 
pressure in the pleural cavity, the drainage 
bucket is gradually raised. The best oper- 
ating position has been found to be wheer 
the water level in the drainage bucket is 
from 12 to 16 inches below the water level 
in the syphon bottle when this level is in 
the same horizontal plane as the intercostal 
tube. 

In the presence of bronchial fistula, it 
is evident that neither negative pressure 
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nor the free use of irrigating solutions 
can be used. The apparatus is then set up 
as shown in Figure 5. Bronchial fistula in 
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of the water forming the seal. It is, there- 
fore, necessary, to avoid loops, kinks and 
pendancies in the outflow tube. The inflow 


Fic. 3. Special trochar, cannula and two-way catheter. (Modified from the 
original of Dr. Norman Bethune.) 


the ordinary post-pneumonic empyema, 
in the opinion of the writer, closes more 
quickly if the development of an intra- 
pleural positive pressure is prevented. 
This is accomplished by attaching the 


= 


=> 


Fic. 4. System for the initiation of drainage in 
the absence of bronchial fistula. 


outflow side of the catheter to the ordinary 
‘water seal.” It must be noted, however, 
that this device is not effective unless 
there is (a) direct and continuous down- 
hill flow from the chest wall to the drainage 
bottle and (b) constant maintenance of 
the outlet of the drainage tube at a level 
not more than 1 cm. below the surface 


tube may be used with a Murphy drip, 
with intermittent irrigation of suitable 
quantity, or without irrigation, as the 
case requires. Most fistulas will close in 
from five to seven days. The arrangement 


5. Drainage system in bronchial 
fistula. (See text.) 


Fic. 


of bottles is then changed to permit of 
negative pressure Irrigations as in Figure 4. 

The maintenance of an airtight contact 
is provided by the use of a rubber sponge 
dressing. An ordinary bathroom sponge 
of fine texture, not less than 1 inch in 
thickness, is sterilized. After the insertion 
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of the catheter, the sponge is perforated 
by a pointed clamp without tearing. The 
catheter is seized and drawn through. The 
sponge is applied directly to the chest wall 
and strapped down by adhesive tape. 

The presence of large masses of coagu- 
lated fibrin, found especially in pneu- 
mococcic empyemas will interfere with 
drainage. This difficulty, however, is easily 
overcome. If coagulum is known to be 
present in the pleural cavity, it may be 
evacuated when drainage is established, 
in many instances. The caliber of the 
author’s special cannula is large enough 
to permit its escape, except where par- 
ticularly large quantities are present, or 
where it is considered unwise to empty the 
pleural cavity quickly. In such instances, 
the catheter is inserted and the pus 
removed in the manner described below. 

During the first three to four days, 
drainage is maintained by alternating the 
direction of flow in the branches of the 
catheter. This allows time for the coagulum 
to detach itself from the pleural surfaces. 
The catheter is then removed; the patient 
is tilted to the affected side and asked to 
cough. As the clots are forced out of the 
sinus, they are seized by forceps or a 
hemostat and withdrawn. In this way, 
I have removed as much as a pint of 
coagulum in large masses, without tech- 
nical difficulty and without embarrassment 
to the patient. Following this, the catheter 
is reinserted and irrigations may be con- 
tinued without interruption. 

At the end of the first two days of drain- 
age, the return from the pleural cavity ts 
clear. Since the pleural cavity is empty, 
toxic absorption does not take place. The 
inflammatory membrane covering the 
pleural surfaces is dissected free by 
the action of the digestive ferments of the 
underlying white blood cells. With the 
lung maintained in a state of re-expansion 
by an appropriate degree of negative 
pressure, friction of the pleural surfaces 
rapidly removes this membrane. It can 
be seen to pass out of the drainage tube 
in the form of whitish flocculent masses. 
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Actual pathologic section of a twenty-four 
hour accumulation of this material shows 
that it consists of partially digested, fibrous 
and granulation tissue, with entangled, 
amorphous débris. This action is par- 
ticularly important in the case of chronic 
empyemas where a thickened and inelastic 
pleura may be the sole barrier to the 
obliteration of pleural dead space. 

As soon as this sloughing-off process is 
complete, two clean exudative surfaces 
find themselves in intimate contact and 
fusion rapidly takes place. The tube is 
removed when the volume of the pleural 
pocket is not more than 25 to 35 c.c. A 
section of rubber dam Is inserted to main- 
tain patency of the sinus until the space 
is completely obliterated. The closure of 


TABLE I 
ETIOLOGY IN 104 CASES 
Per 
No. of | No. of | Cent 
Cases | Deaths} Mor- 
tality 
| 
1. Not post-pneumonic: 
Complications of 
Thoracic operations. ... 3 I 
Abdominal operations. . 5 | I 
Subdiaphragmic abscess) 1 | 1 | 
Trauma to chest....... 
10 | 4 | 40 
11. Post-pneumonic: | | 
Acute | | 
Under 5 years.........| 13 | 1 | 7.7 
Over 5 years | 
60 | 4 
4 | 6.25 
| 
TABLE II 
CHRONIC EMPYEMA 
Cause of Chronicity 
Foreign body in pleural cavity....... 2 
Osteomyelitis of ribs................ 4 
Inadequate drainage................ 6 
Incomplete expansion of lung (pleural 


No case with tuberculous, or other specific infecting 
agent is included. 
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this residual space often requires as long, 
or even longer, than the adhesion of the 
entire pleural surfaces when they are kept 
constantly clean and continuously applied 
to each other. 


SUMMARY OF CASES 


Elapsed time since the initial drainage, 
in these cases varied from three months 
to six years, the average duration being 
one year, approximately. In the case of 
six years’ duration, the patient still has 
a residual sinus from infected bone but 
has been able to resume his normal 
activities. 


COMMENTS 


Of the acute cases treated by drainage, 
eighteen were in patients over five years 
of age, unilateral and uncomplicated. 
These cases were cured in an average of 
14.6 days. 

One patient was cured by two aspira- 
tions of an empyema yielding a pure 
culture of Staphylococcus aureus. 

In one case of bilateral empyema yield- 
ing a pure culture of hemolytic strepto- 
coccus, the right side was drained. The 
left side cleared up after a single aspiration. 

Three patients, in whom a late diagnosis 
was made, recovered after rupture into 
the trachea, without further drainage. 

Causes of death in the five cases reported 
in post-pneumonic empyemas were as fol- 
lows: (1) intractable diarrhea in a 7 months 
old infant (the empyema wound was 
closed two weeks before death); (2) embo- 
lus to the brain (?); (3) hemolytic strepto- 
coccus septicemia; (4) pneumonia in the 
contralateral lung (two cases). 

Sulfanilamide and sulfapyridine were 
used by various physicians in adequate 
dosage, in sixteen cases, with the following 

1. Drugs administered after the diag- 
nosis of empyema and after the apparent 
resolution of the pneumonia—six cases— 
no effect. 

2. Drug administered during the pneu- 
monia and before the diagnosis of empy- 
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ema: three patients had sterile effusion 
(exudate) at first aspiration; one patient 
became sterile one week after first aspira- 
tion, at which time a pure culture of 
anaerobic streptococcus had been obtained; 
three patients became sterile after two 
weeks drainage and needed no further 
treatment; three patients had clinically 
and x-ray diagnosed effusion which dis- 
appeared spontaneously. 

It would appear therefore that when 
these drugs (especially sulfapyridine) are 
administered in pneumonia, the compli- 
cating effusion, if any, is likely (1) to be 
sterile throughout, or (2) to become sterile 
under treatment more rapidly than would 
be the case in the absence of the drug. 


SUMMARY AND CONCLUSIONS 


1. A method of treating empyema is 
described, which permits of the regulated 
application of negative pressure to, and 
constant irrigation of, the pleural cavity. 

2. The apparatus is extremely simple 
and easy to operate. Rib resection is unnec- 
essary, even in the presence of large 
amounts of coagulum, but adequate nurs- 
ing and supervisory care are essential. 

3. Ninety-four cases of post-pneumonic 
empyema are reported with a death-rate of 
5.31 per cent. No deaths were due to the 
empyema. 

4. Uncomplicated post-pneumonic em- 
pyemas should be cured in from two to 
three weeks. 

5. Observations are made from the 
author’s experience in connection with 
the physiology and anatomy of open and 
closed pneumothorax and bronchopleural 
fistula. 

6. Evidence is presented in support of 
the author’s belief that the obliteration 
of the pleural cavity is accelerated by the 
use of negative pressure and the mainte- 
nance of two clean granulating surfaces in 
apposition. 

7. The results of the application of the 
same principles in the treatment of chronic 
empyema are shown. Seventeen cases were 
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treated, with no deaths and without rib 
resection except for osteomyelitis. 
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Venous thromboses may be associated with, if not actually a reflex 
cause of, arterial spasm serious enough in some cases to induce gangrene of 


the limb. 
From—‘“Circulatory Diseases of the Extremities’? by John Homans 
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HE purpose of this communication 

is to present evidence to show the 

effectiveness of sulfanilamide in the 
treatment of the anorectal and inguinal 
manifestations of venereal lymphogranu- 
loma. The value of sulfanilamide in this 
disease has been reported by others.4**5 
Shropshear*® and Knight and David* have 
stressed the value of this drug in the treat- 
ment of the anorectal phase of venereal 
lymphogranuloma, with which we are 
particularly concerned. However, it should 
be noted that a precise plan of treatment 
with sulfanilamide has yet to be evolved. 

It is likely that sulfanilamide exerts a 
specific effect on the virus of venereal 
lymphogranuloma, and, at least in part, on 
the secondary contaminants. Our experi- 
ence supports these possibilities. Whether 
the beneficial effect of sulfanilamide is 
temporary or permanent has not yet been 
established. Observations over a period of 
time will determine this point. 

Our studies appear to show that large 
amounts of sulfanilamide should be given 
during the initial period of treatment. We 
have found that a minimum of 24 Gm. of 
sulfanilamide should be administered over 
a period of four days. This can best be 
accomplished in a hospital, as it is well 
known that ambulatory patients cannot 
take large amounts of the drug with safety. 
Furthermore, it is dangerous to entrust 
potent drugs to these patients without 
proper daily medical supervision. Early 
toxic symptoms may go unrecognized, as 
they are unpredictable. 

After the initial period of treatment in 
the hospital, our patients were given 


approximately 3 Gm. of sulfanilamide daily 
for about three months, preferably without 
a rest period. We are not yet satisfied that 
this is sufficient treatment. Another point 
about which we are in doubt is whether the 
rectal route of administration of sulfanil- 
amide is superior to the oral in these cases. 
Our experience with the first case herein 
reported suggests the former possibility. 

During the period of treatment in the 
hospital, daily determinations of the con- 
centration of sulfanilamide in the blood 
were made. Sole reliance should not be 
placed on the amounts of the drug ad- 
ministered because the factors of absorp- 
tion and excretion vary in each patient. It 
appears that a concentration of 5 or more 
mg. of free sulfanilamide per 100 c.c. of 
blood is essential. In three ambulatory 
clinic patients, the results obtained with 
sulfanilamide were poorer than in the 
patients treated in the hospital. In one of 
the ambulatory patients, little or no change 
in the status of the rectal stricture was 
noted after the daily administration of 
approximately 3.5 Gm. of sulfanilamide 
until 50 Gm. were supposed to have been 
taken. At the end of that time the con- 
centration of sulfanilamide in the blood was 
1 mg. free sulfanilamide per 100 c.c. It is 
difficult to determine how accurately 
dispensary patients followed our instruc- 
tions as to dosage, limitation of fluid, 
etc. This furthers our conviction that 
these patients do better when treated- 
in a hospital under strict control and 
supervision. 

Sulfanilamide exerted the most pro- 
nounced effect on the inflammatory and 


* From the Department of Surgery, Division of Proctology, and the Laboratories, Brooklyn Hospital. 
} Sulfanilamide was furnished by the Medical Research Department, Winthrop Chemical Company. 
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suppurative processes. The scar tissues 
became more elastic. The perirectal in- 
filtration and exudate disappeared. The 
raw surfaces healed. The resistance to 
the examining finger diminished, and the 
strictures were easily dilatable. In addition 
to this favorable effect on the strictures, 
pronounced beneficial changes in the pa- 
tients’ general health were noted. 

During the time of sulfanilamide ther- 
apy, our afebrile patients were allowed out 
of bed. Fluids were limited to 2,000 c.c. 
during twenty-four hours. Four Gm. of 
sodium bicarbonate in four divided doses 
were given daily. A regular diet was al- 
lowed, except during the period of the rectal 
administration of sulfanilamide, when a 
bland, non-residue diet was given.® The 
concentrations of sulfanilamide were deter- 
mined by the method of Marshall, as 
modified by Marshall and Litchfield.’ 


Case 1. J. R., a 25 year old negress, was 
first seen on December 8, 1938, in the Out- 


TABLE I 
FLUCTUATIONS IN HEMOGLOBIN (CASE 1) 


| 
Hemo- Erythro- Leuco- 
Date | | Polys. Lymph.| Eos. 
| | | 
1/17/39| 40 3,200,000 11,100; 67 33 
1/21 | 7,250) 61 37 2 
1/23 54  |3,150,000} 
1/24 56 |3,350,000) 9,950) 74 24 2 
1/27 9,200; 67 32 I 
1/28 6,700} 69 28 3 
1/29 58 (3,210,000) 11,850) 62 38 
1/30 6,650} 50 48 2 
1/31 8,400) 62 36 2 
2/1 10,950) 74 26 
2/2 6,300) 55 43 2 
2/3 5,400; 56 43 I 
2/4 13,000} 73 27 
2/5 6,200! 68 32 


Patient Department of the Brooklyn Hospital, 
because of incontinence of feces, purulent 
rectal discharge, diarrhea, and dull pain about 
the rectum. These symptoms had been present 
since 1935, when she had had several rectal 
operations at a city hospital. During the previ- 
ous year she had lost about 40 pounds in 
weight. Physical examination revealed poor 
nutrition, evidence of foss of weight, pale 
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mucous membranes, scarring in the anal and 
perianal regions, superficial fissures, a tight 
annular rectal stricture situated 4 cm. from the 
anus, perianal, perirectal and pericolonic jn- 
filtration, and purulent discharge. The stricture 
was about 0.5 cm. in diameter, and could be 
stretched only with difficulty. The urinalysis 
was normal. Examination of the blood revealed 
secondary anemia. (Table 1.) The blood 
Wassermann test was negative. The Frei test, 
using two human antigens, was strongly posi- 
tive. The sedimentation time of the erythrocytes 
was twenty-five minutes. 

At various intervals of time, attempts were 
made to dilate the stricture with numbers 3 
and 5 F. Wales rubber bougies, as well as witk 
the index finger. At times, chilly sensations 
followed these dilatations. 

On January 17, 1939, this patient was ad- 
mitted to the Brooklyn Hospital because of 
fever ranging from 101 to 103°F. Colonic irriga- 
tions were given daily for four days because of 
the profuse rectal discharge. On January 21, a 
course of oral neoprontosil was begun, giving 
0.6 Gm. per dose five times daily. Twenty-four 
hours later, the temperature dropped to nor- 
mal. On January 27, the administration of 
sulfanilamide per rectum was begun after the 
preliminary determinations of the blood showed 
an absence of sulfanilamide. One hundred c.c. 
of 1 per cent of sulfanilamide solution were 
administered every four hours, day and night. 
At times parts of the medication were expelled. 
After the administration of 6 Gm. of sulfanila- 
mide, the concentration of the blood was 4.5 
mg. free and 2.5 mg. conjugated sulfanilamide 
per 100 c.c. After 12 Gm. had been given, 
3.5 mg. free and 2.5 mg. conjugated sulfanila- 
mide were found in each 100 c.c. of blood, and 
after the administration of 18 Gm. of sulfanila- 
mide, the concentration of the blood was 6.5 
mg. free and 1.5 mg. conjugated sulfanilamide 
per 100 c.c. For the ensuing three days, most 
of the medication was expelled. 

At this time, examination revealed that the 
index finger was easily inserted through the 
stricture. On February 2, it was noted that 
the perianal and perirectal infiltration was dis- 
appearing and that the stricture had been 
favorably modified since admission to the Out- 
Patient Department. The rectal discharge and 
the diarrhea ceased after the rectal administra- 
tion of 5 Gm. of sulfanilamide. The hemoglobin 
value increased gradually as shown in Table 1. 
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On February 2, sulfanilamide therapy by 
mouth was begun, giving 100 c.c. of 1 per cent 
solution every four hours, day and night. After 
the administration of 6 Gm., the concentration 
of the blood was 7 mg. free and 3 mg. conju- 
gated sulfanilamide, and after a total of 12 Gm. 
of sulfanilamide had been given, 9 mg. free and 
2 mg. conjugated sulfanilamide were found in 
each 100 c.c. of blood. 

During the period of oral administration of 
sulfanilamide, the diarrhea returned, and con- 
tinued for three days. The hemoglobin value 
gradually dropped. (Table 1.) However, the 
status of the anorectal disease continued to 
show improvement. Almost all of the perirectal 
and pericolonic infiltration disappeared. The 
index finger could easily be introduced through 
the Jumen of the stricture. The tissues were 
softer and more elastic. No pain was produced 
on rectal examination. 

The patient was sent home on February 7, 
1939, and was followed up in the Out-Patient 
Department. Oral sulfanilamide therapy, about 

3 Gm. daily, was continued. On March 4, a 
sigmoidoscopy was performed. A regulation 
34 inch sigmoidoscope was inserted with ease 
and caused no trauma. The mucous membrane 

“was pale above the stricture. The site of the 
stricture was reddened. There was no infiltra- 
tion palpable. 


Comment. The striking response to 
sulfanilamide therapy in this case was 
remarkable. This response was far superior 
to any other therapeutic agent employed in 
our clinic in the past. It should also be 
noted that the hemoglobin values increased 
during the time sulfanilamide was adminis- 
tered rectally. When the same amounts of 
solution of the drug were given orally, the 
hemoglobin values began to decline. Also, 
during this time, there was a return of the 
diarrhea which continued for several days. 
These observations are worth noting, 
although at the present time we have no 
explanation for their occurrence. 


Case. L. P., a 28 year old married negress, 
was seen in the Out-Patient Department on 
December 20, 1938, because of obstinate consti- 
pation, rectal tenesmus, intermittent rectal 
bleeding associated with dull pain, and the 
passage of narrow calibered stool. She had had 
syphilis two years before, for which she had 
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been treated extensively. Physical examination 
was essentially normal except for a soft annular 
rectal stricture, 5 cm. above the anus. There 
was moderate perirectal infiltration. The infant 
sigmoidoscope could not be introduced through 
the stricture. One week later, during an attempt 
to dilate the stricture with the index finger, a 
tear to the left occurred which was followed by 
bleeding. ‘The stricture was thereafter dilated 
with number 5 F. Wales rubber bougie on 
several occasions. 

A Gram stain of the purulent rectal material 
showed Gram-negative organisms, and B. 
welchii. No ova, parasites, amebae or tubercle 
bacilli were found. The blood Wassermann test 
was negative. The urinalysis was normal. The 
Frei test, using two human antigens, was posi- 
tive. The sedimentation time of the erythro- 
cytes was forty minutes. Cervical smear was 
negative for gonorrhea. 

During the course of her illness, the patient 
was taken with acute abdominal pain, and on 
February 11, 1939, she was admitted to the 
Gynecologic Service of the Brooklyn Hospital 
with a diagnosis of acute salpingitis. The 
aperture of the rectal stricture at that time 
barely admitted the tip of the index finger. 
Under conservative treatment, including sul- 
fanilamide tablets by mouth, her pelvic inflam- 
matory disease gradually subsided. 

On February 19, sulfanilamide therapy, using 
I per cent solution administered rectally, was 
begun. One hundred c.c. of this solution was 
given every four hours, day and night; the first 
midnight dose was omitted. Through an over- 
sight, the preliminary determination of sul- 
fanilamide in the blood was not done. After the 
administration of 6 Gm., the concentration of 
the blood was 5 mg. free and 4 mg. conjugated 
sulfanilamide, and after a total of 12 Gm. had 
been given, the concentration of the blood was 
12 mg. free and 1.5 mg. conjugated sul- 
fanilamide per 100 c.c. A temperature of 
102.4°F. with a severe chill occurred. Sul- 
fanilamide therapy was discontinued. The tem- 
perature remained at 102.4°F. the next day, and 
then dropped to normal. 

On February 26, the patient was transferred 
from the gynecologic to the proctologic service. 
The gynecologists, in the transfer note, stated 
that the index finger passed the strictured area 
easily and painlessly. 

On February 27, the rectal administration of 
sulfanilamide was resumed. Preliminary blood 
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tests showed no trace of sulfanilamide. After 
the administration of 7 Gm. of sulfanilamide, 
the concentration of the blood was 6 mg. free 
and 2 mg. conjugated sulfanilamide per 100 
c.c.; after 12 Gm. (midnight dose being 
omitted), there were 6 mg. free and 1.5 mg. 
conjugated sulfanilamide; and after a total of 
19 Gm. of sulfanilamide had been given, the 
concentration of the blood was 9 mg. free, and 
2 mg. conjugated sulfanilamide per 100 c.c. 
No reaction was noted. 

The patient was sent home on March 9g, and 
has been followed up in the Out-Patient 
Department. 

On several occasions Wales’ rubber bougies, 
sizes 6 and 7 F., were easily introduced into the 
strictured areas. 


Comment. This patient had a stricture 
with perirectal infiltration. The response to 
sulfanilamide was as good as in the first 
case. 


Case 1. H. H., a 20 year old negro, was 
seen in the Out-Patient Department of the 
Brooklyn Hospital on February 1, 1939, be- 
cause of large, tender inguinal, epitrochlear and 
posterior cervical glands. The left inguinal 
glands were considerably larger than those on 
the right side. Within three weeks, there was 
considerable swelling and central softening in 
the left inguinal region, and marked lymphad- 
enopathy on the right side. He was otherwise 
normal. The past history included gonorrhea 
(?) which occurred five months previously and 
was self-treated. The urinalysis was normal. 
The blood Wassermann test was negative. The 
Frei test, using three human antigens, was 
strongly positive. 

This patient was admitted on March 2, 1939. 
The bubo was aspirated, evacuating 20 c.c. of 
thick pus. Two days later the bubo was found 
distended, and tenderness continued in spite of 
a moderate escape of sanguinous fluid from the 
site of the needle puncture. 

On March g, a course of sulfanilamide 
therapy was begun. Two suppositories, each 
containing 0.5 Gm. of sulfanilamide, were given 
every four hours, day and night. After the 
administration of 7 Gm., the concentration of 
the blood was 1 mg. free and 1 mg. conjugated 
sulfanilamide per 100 c.c.; after 13 Gm. had 
been given, 2.5 mg. free and no conjugated 
sulfanilamide were noted (parts of the sul- 
fanilamide were voluntarily expelled on two 
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occasions); after the administration of 19 Gm, 
of sulfanilamide, the concentration of the blood 
was 4 mg. free and 2 mg. conjugated sul- 
fanilamide per 100 c.c.; and after a total of 
25 Gm. had been given, 6 mg. free and 2 mg. 
conjugated sulfanilamide were noted for each 
100 c.c. of blood. 

Following the administration of 13 Gm. of 
sulfanilamide, the residual suppuration of the 
left bubo was subsiding, and the pain dis- 
appeared. The right lymphadenopathy re- 
gressed considerably after the administration 
of 19 Gm. of sulfanilamide. 

Similar courses of sulfanilamide therapy were 
repeated, giving the same amount of the drug 
in I per cent solution first by rectum, and later 
by mouth. A total of 75 Gm. of sulfanilamide 
had been administered. 


Comment. The third case is included to 
show that the inguinal (glandular) type of 
venereal lymphogranuloma also responds to 
sulfanilamide therapy. When the con- 
centrations of the blood reached approxi- 
mately 3 mg. of sulfanilamide per 100 c.c., 
the pain ceased and the residual bubo 
began to disappear. The inguinal glands 
began to regress when the concentration 
of the blood reached 6 mg. of combined 
sulfanilamide per 100 c.c. The action of 
sulfanilamide in this case suggests a 
specific effect because no secondary infec- 
tion was present. 


SUMMARY AND CONCLUSION 


1. Sulfanilamide is very effective in the 
treatment of anorectocolonic and inguinal 
manifestations of venereal lymphogranu- 
loma. Its action is most pronounced on the 
inflammatory and suppurative phases of 
this disease. 

2. Intensive sulfanilamide therapy dur- 
ing the initial period of treatment is 
advised. 

3. The concentration of sulfanilamide of 
the blood should be determined frequently 
during sulfanilamide therapy. We arbitra- 
rily advocate a concentration of 5 or more 
mg. of free sulfanilamide per 100 c.c. of 
blood. 

4. For reasons of safety and effective- 
ness, sulfanilamide therapy should prefer- 
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ably be given in a hospital. Daily medical 
supervision is essential for ambulatory 


patients. 
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VARICOSITY of veins is perhaps most often due to increased intra- 
abdominal tension such as is caused by heavy labor. 
From—“Circulatory Diseases of the Extremities’ by John Homans 


(Macmillan). 
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Harry M. NELSON, M.D., F.A.C.S. 


Gynecologist-in-Chief, Woman’s Hospital 


DETROIT, 


HE relative merits of total and sub- 

total hysterectomy have long been a 

matter of controversy. It is obviously 
difficult to evaluate properly the advan- 
tages and disadvantages of each in a small 
series of cases performed by any one indi- 
vidual surgeon. Nor would it be of any 
value to select isolated cases from a group 
of individual operators. One of us! reviewed 
a series of cases at a private institution 
where there were only three operators. It is 
with this thought in mind that a statistical 
review was made of 550 consecutive hyster- 
ectomies performed by forty-eight different 
surgeons plus the resident staff, the latter 
working directly under supervision and 
closely following the technique of the 
attending gynecologist. 

Before presenting the series of cases it 
would seem advisable briefly to review the 
current literature, especially those papers 
in which a relatively large series of cases 
are analyzed. 

Siddall and Mack? have collected a series 
of cases from the literature comprising 
75795 subtotal and 45559 total hysterec- 
tomies. To this series they added 1,141 
cases of subtotal and 235 cases of total 
hysterectomy from one hospital. If to this 
group is added a series of cases reported by 
Gardiner and Kretzschmar,’ the total 
number of cases reported will be 9,606 
subtotal hysterectomies and 4,985 total 
hysterectomies. 

The combined ratio of total to subtotal 
is approximately 1:2 and the combined 
mortality is 3 per cent in the subtotal 
group and 3.56 per cent in the total group. 
This we believe to be a fairly representative 
group of cases seen throughout the country 


A COMPARATIVE STUDY OF SUBTOTAL AND TOTAL 
HYSTERECTOMIES* 


AND Harry WEISBERG, M.D. 


Junior Attending Obstetrician and Gynecologist, 
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in well organized hospitals of accredited 
standing. 

A further analysis of the individual 
reports bring out some extremely interest- 
ing facts. From the analysis in Table 1 it 


TABLE 1 
Subtotal Hys-| Total Hys- 
terectomies | terectomies 
Per | Per 
Num-/| Cent | Num-| Cent 
ber | Mor-| ber | Mor- 
| tality tality 
| 
Nelson...... .| 122] 3.2 | 476] 2.9 
Fullerton and Faulkner 609| 4.4 | 1,078) 4.1 
Burch and Burch....... 166| 4.2 32| 3.1 
Mayo and Mayo........ 3,085 | 1.2 1,588 | 1.8 
Nead and Bill.......... 1,739| 2.1 | 605] 3.1 
Siddall and Mack....... 1,141 | 2.6 235 | 6.4 
Gardiner and Kretz- 
670 | 3.1 191 | 4.7 
9,606 | 3 | 4,985 | 3.56 


appears obvious that the greater the 
number of total hysterectomies done in any 
one series, the lower the mortality (with 
the exception of the series reported by 
Burch and Burch). It would seem only 
logical to assume that the greater skill 
developed by performing an _ increasing 
number of total hysterectomies would 
diminish the mortality percentage on a 


TABLE II 
WOMAN’S HOSPITAL SERIES 
Subtotal Total 
Number of cases............. 350 200 
23 years 
62 years 
38.5 years 39 years 


Number of operators 48 


* From Woman’s Hospital, Detroit, Michigan. 
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technical basis. It would certainly not 
deter the surgeon from the procedure 
because of relative unfamiliarity, provided 
other considerations were equal. 

The average age in both groups is for all 
practical purposes the same. The number of 
individual operators is sufficiently large 
and varied in gynecological experience and 
skill to permit a fairly accurate general 
interpretation of the subsequent statistical 


tables. 


TABLE Ul 
SYMPTOMOLOGY 
No. of Cases Percentage 
2. Abdominal pain......... 170 30.9 
3: Abdominal mass......... 61 11.1 
40 7.3 
20 3.6 
Procidentia............. 6 


The symptoms presented were mainly 
bleeding, abdominal pain and abdominal 
mass. These symptoms were present either 
singly or in combination in approximately 
go per cent of all cases. The most common 
symptoms were vaginal bleeding—48 per 
cent; abdominal pain—30.9 per cent; and 
abdominal mass—11.1 per cent. Other less 
constant symptoms were backache, fre- 
quency and procidentia. 


TABLE Iv 
ANESTHESIA 
Subtotal Total Combined 
No. Per Cent No. Per Cent No. Per Cent 
Gas-ether..307 87.4 150 75 457 83 
Spinal..... 35 +10 21 10 56 10.2 
Avertin.. 6 1.8 2 4.8 35 6.3 
| 2 0.76 2 0.36 
Average 
duration 
of opera- 
tion..... 1 hour 15 minutes 1 hour 18 minutes 


In the entire group the anesthetic use in 
83 per cent of the cases was gas induction 
and ether. Spinal anesthesia was used in 
10.2 per cent; avertin as a basal anesthetic 
in 6.3 per cent, and in only two cases, or 
0.36 per cent, was gas alone used. It is 
interesting to note that in the choice of 
anesthesia, the percentage of the individual 
anesthetics employed in each group is 
practically alike, except in the use of an 
avertin basal anesthesia. This was used in 
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five times as many total as subtotal cases. 
Whether the use of avertin had any effect 
on the immediate postoperative morbidity 
one is unable to state definitely. It should, 
however, be noted that the patients 
required closer observation during the first 
twelve postoperative hours. 

As to the duration of operation, only 
three more minutes on the average were 
required to complete the operation of total 
hysterectomy as compared to subtotal. 
Certainly the time element is of no great 
significance, and should not be an in- 
fluencing factor in deciding against total 
hysterectomy. 


TABLE v 
ADNEXAL AND ADDITIONAL OPERATIONS 
Subtotal 
Subtotal Total and Total 


No. Per Cent No. Per Cent No. Per Cent 
1. Bilateral sal- 


pingo-odpho- 

rectomy...... 28.9 76 38 176 32 
2. Unilateral sal- 

pingo-odpho- 

rectomy...... 70 $751 66 33 136 24.7 
3. Salpingectomy.. 14 4 4 2 18 34 
4. Odphorectomy.. 22 6.2 6 3 28 2.1 
5. Appendectomy.. 208 59.7 108 54 316 57.4 
6. Dilatation and 


curettage..... 24 6.4 10 5 34 6.2 


In the entire group additional adnexal 
operations were done in 645.1 per cent. In 
the subtotal group alone, these operations 
were done in 56.2 per cent. Of these 35.1 per 
cent had all ovarian tissue removed. In the 
total group 76 per cent had adnexal opera- 
tions, but only 41 per cent had all ovarian 
tissue removed. Although 19.8 per cent 
more of the total group had adnexal opera- 
tions, only 4.9 more in this group had all 
Ovarian tissue removed. 

The percentage of appendectomies in 
both groups is higher in the subtotal group, 
but since these were prophylactic measures 
one can attach no significance to this. 

In the subtotal group 8 per cent of the 
cases developed complications, while in the 
total group 13.5 per cent developed com- 
plications. Patients in the total group had 
19.8 per cent more adnexal operations as 
compared to the subtotal group. This 
undoubtedly has some direct effect on the 
morbidity, although one is unable to make 
this assertion upon sound scientific basis. 
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Peculiarly enough, there were five cases 
of postoperative shock in the subtotal 
group. Obviously then, in this series post- 
operative shock is not an important 
deciding factor, since this complication 
occurred at least as often in both types of 
operation. 

However, when we consider pulmonary 
embolus, it is found that whereas only two 
cases in the subtotal group were involved, 
in the total group five had this serious 
complication. Some writers have reported 
more cases of pulmonary embolism in the 
subtotal group and they believe that there 
is less venous trauma in the total group 
where more of the veins are excised. 

In the subtotal group one patient devel- 
oped a troublesome cystitis and in one case 
the bladder was opened at the time of 
operation. In the total group, while there 
were also only two complications involving 
the genitourinary tract, they were of a 
more serious nature, a bladder fistula and 
a bladder and rectal fistula. Although much 
mention is made of the fact that the total 
operation endangers the bladder, ureters 
and rectum, in this series this complication 
was encountered only in two cases, or I per 
cent, and not in a single instance were the 
ureters damaged. 

Minor postoperative vaginal bleeding 
occurred in two of the total group, both on 
the second postoperative day. There was 
none in the subtotal group. 

While only one case of pelvic peritonitis 
is listed in the subtotal group, it is well to 
note now that in the mortality table there 
are two cases of generalized peritonitis in 
each group with fatal termination 

The other complications listed are not 
peculiar to either type of operation, but 
rather to abdominal surgery in general, and 
do not hold any special significance. 

The average stay in the hospital was 
only 0.6 day more in the total group than in 
the subtotal group. 

The temperature peak in both groups 
was reached on the first or second post- 
operative day and subsided gradually to 
normal on the fourth or fifth postoperative 
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day. The average highest temperature was 
only 0.2 per cent of a degree higher in the 
total group than in the subtotal group. 


TABLE VI 
MORTALITY—LISTED CAUSES OF DEATH 


Entire Series Total Subtotal 
4 2 2 
Evisceration.......... 2 o 2 
Malignancy with meta- 

Pulmonary embolus... I I 
Paralytic ileus........ I oO I 
Cardiac failure........ 2 2 0 
Anuria with nephritis. . I I 0 


In the entire group of 200 total hysterec- 
tomies there were only two deaths due to 
peritonitis, or 1 per cent mortality. This 
mortality is not particularly high in view of 
the pathology of the tissues involved, and 
does not necessarily bear out the conten- 
tion that opening the vaginal vault pre- 
disposes to peritonitis. An equal number of 
fatal peritonitis cases was encountered in 
the subtotal group, although the percent- 
age of mortality here was somewhat lower, 
0.6 per cent. The other fatal complications 
cannot be classed as contraindicating either 
one or the other type of hysterectomy. 
Thus two fatal cases of evisceration 
occurred in the subtotal group, and two 
cardiac deaths in the total group. The 
death due to anuria with nephritis is 
interesting, more from the view of previous 
antiluetic therapy and its relation to 
anaesthetic rather than to the choice of 
surgical procedure. There was no damage 
to the ureters during the surgical proce- 
dure, and so it cannot be considered as a 
complication peculiar to the procedure 
carried out. 


DISCUSSION 


From the cases analyzed in the literature and 
the series of cases from Woman’s Hospital, cer- 
tain factors lend themselves to generalization. 

The mortality and morbidity in total hyster- 
ectomy is slightly higher than in subtotal in a 
general hospital with a large group of operators. 
The total operation as such must therefore be 
considered a more formidable procedure. Yet 
it has been shown that the more frequently this 
procedure is employed and the more familiar 
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the surgeon becomes with the operation, the 
lower the mortality. 

To guard against the possibility of coexisting 
carcinoma, a routine vaginal preparation is of 
the utmost importance. Under anesthesia and 
ideal operating room facilities it is only a matter 
of a few minutes to reéxamine the patient and 
whenever indicated to do a diagnostic curettage 
and frozen section. 

It has been stated that the cervical stump is 
necessary to act as a keystone of the arch to 
prevent prolapse after hysterectomy. Actually 

this is a rare occurrence following total hyster- 

ectomy providing the round ligaments are 
properly suspended. With regard to leucorrhea 
and backache, Nelson! has encountered less 
difficulty with these troublesome sequelae in 
his total group than in the subtotal group, and 
Gardiner and Kretzschmar*® report a 7 per 
cent higher incidence in the subtotal as com- 
pared to the total group. 

It is not the purpose of this discussion to 
advocate the use of total hysterectomy rather 
than subtotal and vice versa. Rather it would 
be well to emphasize that in view of the above 
considerations total hysterectomy is not so 
formidable as to greatly limit its more general 
utilization. The general physical condition of 
the patient, the pathology present and the age 
must always be influencing factors, even to 
the surgeon who is equally familiar with both 
procedures. 

Richardson’ refers to the types of cases that 
are suitable for subtotal hysterectomies, as: 


1. Those women requiring hysterectomy for-~ 


benign disease who possess perfectly normal 
cervices. 

2. Those instances in which the operative 
hazard compels the execution of conservative 
surgery. 

3. Those cases where, for good and sufficient 
reasons, it is of paramount importance to 
preserve the menstrual function. 

4. Most cases requiring hysterectomy during 
pregnancy. 

These are factors well worth pondering. 
It would also appear advisable to consider the 
endocrine status of the patient following sub- 
total or total hysterectomy and its relation to 
the onset of menopausal symptoms. It has been 
shown that the normal woman in going through 
her menopause has an increase in her blood 
prolan and a decrease in blood estrin. Marx, 
Catchpole and McKennan,‘ working with a 
series of twenty-one clinical patients, after a 
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careful and detailed study showed that the 
patient who had a total hysterectomy is more 
likely to undergo her menopause at an earlier 
date than the patient who had a subtotal 
hysterectomy. It is their belief that the uterine 
endometrium elaborates a catalytic principle 
acting on the pituitary-ovarian hormonal 
mechanism, regulating its normal balance and 
functional harmony. This phase of the problem 
is extremely interesting, and like all endocrine 
studies, additional work with a larger group of 
patients should be conducted before definite 
conclusions can be drawn. 


CONCLUSIONS 


1. A series of 550 abdominal hysterec- 
tomies from the Woman’s Hospital is 
presented. The cases covered a period of 
44 years and included 350 subtotal and 
200 total hysterectomies. 

2. This series shows a slightly higher 
mortality and morbidity for the total 
group. It must be borne in mind, however, 
that the difference is not sufficiently great 
to justify a decision against this procedure 
where there are indications for its use. 

3. The total hysterectomy should be 
more frequently done in those cases where 
the cervix shows signs suspicious of pre- 
malignant states. Only too frequently is a 
malignancy of the cervix encountered 
shortly after subtotal hysterectomy. Un- 
doubtedly there was a coexisting early 
malignancy of the cervix at the time of 
operation. 

4. Clinical follow-up in the total group 
with relation to the endocrinological dis- 
turbances caused by removal of the cervical 
stump needs further study. 

5. This problem should not be con- 
sidered in the light of total versus subtotal 
hysterectomy. 

It would be much better for the surgeon 
equally familiar with both procedures to 
employ the one which appears to be 
indicated in each individual case. 
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PROLAN (from the chorionic cells of the human pregnant uterus), the 
gonadotropic hormone characteristic of pregnant-mare serum (likewise 
probably secreted by chorionic or endometrial cells), and the gonadotropic 
hormones of neoplasms such as hydatidiform mole, chorionepithelioma, 
and testicular tumor (from the cells of the neoplasm) . . . appear not 
to be secreted by the hypophysis. 

From—‘“ The Physiology and Pharmacology of the Pituitary Body,’ 
11, by H. B. Van Dyke (University of Chicago Press). 
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WOMAN is said to be suffering from 
A dysmenorrhea when the subjective 

manifestations of the menstrual 
period are so exaggerated that she com- 
plains of marked pain or discomfort in the 
lower abdomen and pelvis, thighs, or sacral 
region. Severe dysmenorrhea is often ac- 
companied by such symptoms as headache, 
eye-strain, contraction of the field of 
vision, cutaneous eruptions (acne and 
eczema), and neuralgic conditions (tooth- 
ache and joint pains). 

We will consider here only the treatment 
of severe dysmenorrhea. The ordinary cases 
where almost any antispasmodic or anal- 
gesic affords relief are not within the scope 
of this paper. Our results were obtained by 
the use of corpus luteum extract in oil, and 
anterior pituitary-like hormone made from 
pregnancy urine. The treatment of severe 
dysmenorrhea has never been uniformly 
successful. 

Boynton used calcium gluconate and 
obtained complete relief from abdominal 
pain, leg cramps, paresthesias and nausea 
in thirty-three out of forty-nine cases 
treated. The calcium gluconate was given 
in 60 gr. doses daily for two weeks before 
the onset of the menstrual period; when 
viosterol was added, 30 drops daily was 
given. 

De Benedetto claims very good results 
from the use of bellergal, said to contain 
phenobarbital 0.02 Gm.; ergotamine tar- 
trate 0.00003 Gm.; levorotatory belladonna 
alkaloids 0.0001 Gm. The patients were 
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directed to take orally one tablet with 
water every two hours but not to exceed 
five or six tablets in any one day. Treat- 
ment began with the onset of pain and was 
continued, if necessary, during the first day 
or two or throughout the entire period. 
Rest and particular attention to elimina- 
tion were observed. In thirty cases, the 
menstrual pain was completely abated 
within six hours after the first administra- 
tion of the tablets. In twelve cases, it was 
necessary to continue the treatment during 
the first two days of the menstrual flow. 
Treatment was required in ten cases 
throughout the entire menstrual period. 
Headache, in varying degrees of sever- 
ity, was also completely relieved by the 
therapy. 

Cary has used a new non-narcotic syn- 
thetic antispasmodic agent which appar- 
ently has the useful qualities of both 
atropine and papaverine with the disadvan- 
tages of neither. This is the 3-diethyl-am- 
ino-2, 2-dimethyl-propanol ester of tropic 
acid and is marketed under the trade name 
of syntropan in the form of 50 mg. tab- 
lets. In animal experimentation, Fromherz 
tested the antispasmodic action of syn- 
tropan on the isolated rabbit intestine 
against the stimulating effect of acetyl- 
choline, and on the isolated rabbit uterus 
against the action of epinephrine. He 
found that the relaxing effect upon the 
intestine is five times stronger than that of 
papaverine. Only very small doses were 
needed to produce complete relaxation of 


* Read before the Brooklyn Gynecological Society, April 1, 1938. 
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the intestinal musculature following acetylI- 
choline stimulation. Syntropan acted simi- 
larly to atropine as an inhibitor of the 
parasympathetic division of the autonomic 
nervous system, and thus tended to reduce 
excitatory states of smooth muscle. Phar- 
macologic studies of Fromherz and others 
demonstrated that in therapeutic dosage 
the antispasmodic effect of syntropan 
corresponded to that of atropine but that 
its use was free from disagreeable by-effects 
on circulation, the pupil and glandular 
secretion which too often attended the 
administration of atropine. 

In fifteen cases, pain varied from moder- 
ate to severe. Single, married, and widowed 
women were included in the series. Ages 
ranged from 27 to 40 years. All cases were 
apparently benefited, 60 per cent returning 
to normalcy, 40 per cent being improved. 
Medication was instituted twenty-four 
hours preceding onset of the menstrual 
period and then continued for the first 
day of the period. Remission of localized 
uterine pain was not the sole benefit 
derived from treatment; other constitu- 
tional symptoms disappeared. 

Altschul reported twelve cases of dys- 
menorrhea occurring mostly in patients 
below par physically, underweight, and 
often with low basal metabolism, which he 
treated with insulin, 7 to 10 units daily, 
either at the time of the pain or over a 
period of three days prior to the menstrua- 
tion, with almost total relief from pain in 
ten, partial relief in one, and relief in one of 
two periods in the twelfth case. Blood 
sugars in these patients were normal. 

Watson treated 105 cases of dysmenor- 
rhea with the placental extract, emmenin. 
Of these, forty-nine were completely re- 
lieved, the benefit lasting as long as six 
months after cessation of treatment in 
twenty-one of these cases. In twenty-seven 
patients relief was experienced to a degree 
which enabled them to overlook the re- 
maining discomfort. In twenty-nine cases 
there was no amelioration obtained. Best 
results were gotten when three teaspoons of 
emmenin were given two weeks prior to the 
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menstrual period. Emmenin is a powerful 
estrogenic substance present in acetone 
extracts of human placentae, alcohol-solu- 
ble, ether-insoluble, active orally, though 
relatively inert in o6phorectomized animals, 

Witherspoon obtained relief from dys- 
menorrhea in thirteen of seventeen patients 
treated by injection of 250 rat units of 
follutein intramuscularly daily, for three to 
four days previous to the expected flow. 
The luteinizing principle found in the urine 
of pregnant women is believed responsible 
for the results obtained. 

Israel, reporting on thirty-nine cases of 
severe dysmenorrhea, obtained relief in 
four of ten cases with antuitrin-S, 200 rat 
units being given every other day for from 
two to three months; in three of ten cases 
with emmenin, one tablespoonful (75 day- 
oral units) three times a day from three to 
five months; in one of six cases using 
progynon 600 rat units three times daily for 
three to four months; and in ten of thirteen 
cases using 5,000 to 10,000 rat units every 
fourth day for three to four months. In the 
last group, four were relieved for at least 
two to four months after withdrawal of the 
medication and six while continuing the 
Injections, but none were permanent cures. 
Up to 200,000 and 3,200,000 rat units of 
progynon were tolerated well by this last 
group of patients. 

Work with benzedrine for the relief of 
dysmenorrhea has already been begun, 
without any published reports as yet of the 
results. 

Bauer administered pitressin to six 
patients with dysmenorrhea, 0.5 c.c. at the 
beginning and during the period of the 
pain, and obtained partial or complete 
relief. Immediately after injection there 
was a temporary increase in the cramps, 
probably, he stated, due to the small 
amount of the oxytocic fraction in the 
preparation. The blood pressure was care- 
fully watched during this procedure and at 
no time was a dangerous rise observed. He 
does not state the effect on the gastro- 
intestinal system. Reynolds showed that 
uteri in a state of contraction induced by 
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calcium became relatively quiescent three 
or four minutes after injection of 0.5 c.c. of 
pitressin and were refractory to subsequent 
injections of calcium or pitocin unless the 
uterus was again motile. Moreover, it was 
frequently observed that pitressin for a 
time abolished the spontaneous contrac- 
tions of the uterus and rendered this organ 
transiently refractory to both calcium and 
pitocin. Bauer used antuitrin-S in several 
cases, in I c.c. doses, at various intervals 
during the second half of the menstrual 
cycle, and obtained relief of moderate 
degree in one case. 

Emge found theelin to be of aid in 
dysmenorrhea in only six of twelve cases, 
and of these four improved only moder- 
ately. He believes that vaginal supposi- 
tories containing acetanilid, sodium borate, 
zinc borate and hydrastin, in glycero- 
gelatin, brought the best results. Thyroid 
gave relief in eight cases, partial in six, and 
no benefit in four. Thyroid was given after 
a basal metabolism test, and the clinical 
evidences of the patient, namely, fatigue, 
obesity, and sluggishness showed the pres- 
ence of thyroid insufficiency. 

Kennedy, using progynon, sistomensin, 
and ampacoids and ovacoids, obtained 
complete relief in ten cases, improvement 
in thirty, and no amelioration in ten. 
Dosages were not stated. Occasionally 
pessaries were substituted for the injec- 
tions. He based his reasoning on the fact 
that ovarian hormones aid restoration of 
the cervical ganglia of the cervix to normal. 
Previous investigation showed that after 
ovariectomy the cervical ganglia suffer in 
that the NissI granules are lysed, the cells 
shrink, while the number of chromaffin 
cells always associated with the ganglia 
diminish markedly. Restitution of the 
original picture was obtained by the injec- 
tion of estrin, and maintained by repetition 
of the administration. 

Tunis reported a series of seventy-eight 
cases in which he used menformon, an 
estrogenic preparation. These women had 
dysmenorrhea associated with hypoplastic 
uteri. Excellent relief was obtained in 
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sixty-five cases; eight patients were im- 
proved and five were refractory to treat- 
ment, which consisted in six injections of 
1,000 units each. 

Hacker reports a case in which excellent 
results were obtained from corpus luteum, 
even when given by mouth. This relief 
continued. for months at a time, but with 
recurrence of pain sooner or later. Follow- 
ing a suspension operation for retroversion 
of the uterus, there was relief for a year. 
The use of 1,000 Allen-Doisy units ten days 
prior to menstruation for three months 
brought complete relief. 

The uterus of the experimental animal is 
in a state of motility, and definite contrac- 
tions can be recorded when the animal is in 
a state of estrus. Under the influence of the 
animal’s own corpus luteum the uterus 
becomes quiescent, no contractions can be 
elicited, and it is refractory to pituitrin. 
Knaus’ and Reynolds’ work concur on this 
point. On the day before the onset of 
menstruation the uterus reverts to its 
preovulatory behavior, which may help 
explain some dysmenorrheas. 

Wintz used sistomensin in 125 cases of 
dysmenorrhea, giving 5 c.c. daily for 
several days prior to the menstruation. He 
obtained complete relief in eighty-two 
cases, improvement in fifteen, and no effect 
in twenty-eight. 

Elden and Wilson, using progestin, ob- 
tained complete relief from dysmenorrhea 
in 47 per cent of seventeen patients, 
partial in 12 per cent and none in 41 per 
cent. The patients were normal women 
with normal pelvic findings. The dosage 
used was 345 to 85 units, the amount 
being given in divided or single doses 
three to six days before the menstrual 
flow or before the onset of pain. It was 
given at this time because of Knaus’ 
observation that the uterus reacts to 
pituitrin the day before the onset of bleed- 
ing and because the hormone is in oil and 
therefore slowly absorbed. There was no 
delay in the onset of the menstrual cycle, 
and apparently no change in the duration 
of the flow. Several of the patients who 
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experienced no relief recetved larger doses, 
up to 1 unit. Two of these patients had sub- 
sequent presacral sympathectomies with 
complete relief. Two patients received 
estrogenic hormone up to 40,000 inter- 
national units with little effect. 

Hisaw and Campbell have used the 
preparation corporin, a pure chemical 
product of the corpus luteum hormone 
alone. They confined their therapy to a 
definite class of dysmenorrhea patients 
with normal genital development and 
placement. Patients with infantile genital 
development, cervical stenosis and im- 
proper drainage, ovarian abnormalities, or 
other extragenital conditions which might 
cause the periodic pain, were excluded from 
their series. Of five patients, four found 
complete relief and the fifth moderate ease. 
Their dosage was 5 to 8 rabbit units daily 
for five days prior to the menstrual period. 
Two patients flowed more than ordinarily 
after several series of injections. 

We are here reporting ten cases of severe 
dysmenorrhea, not apparently associated 
with any specific cause, the so-called 
essential dysmenorrhea. Histories of several 
cases are appended. 


M. L., age 24, single, had always suffered 
with severe pain and cramps at the menses, 
which began at 12 years, were moderately 
heavy in amount of flow, and recurred regularly 
each month. The patient was bedridden at least 
every other menstruation. Rectal examination 
revealed no pelvic abnormalities. Estrin excre- 
tion was 32 units per day with a strong positive 
pituitary prolan reaction. 

This patient received 14 international unit of 
progesterone every other day for ten days prior 
to the period, and had absolutely no pain. The 
following month she was given the same treat- 
ment, but the period being delayed, the treat- 
ment was continued for about 314 weeks. This 
period was also devoid of any pain. There was 
delayed flow the following month and the 
same excellent result from treatment. The 
patient has required no further injections. 
The menses have regulated themselves, and nine 
months later there had been no recurrence of 
the severe dysmenorrhea. 
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R. P., age 28, married, gave a history of 
severe dysmenorrhea for about ten years, both 
prior to and since her marriage three years ago, 
A previous dilatation and curettage effected 
only a very temporary beneficial result. Her 
periods were regular, of five days’ duration, and 
accompanied by such pain that the patient 
took either several injections of morphine, or a 
large amount of alcohol to deaden the pain. 

This patient was very coéperative and intelli- 
gent. Anterior pituitary-like hormone, 100 
units, was given three times weekly for one 
month, with marked exaggeration of the symp- 
toms. Since it was possible to gauge accurately 
the onset of cramps, 14 to 2 units of progester- 
one was given about twelve hours prior to the 
pain with almost entire relief. This was re- 
peated each month for seven months; then two 
months were allowed to elapse without treat- 
ment, and without any pain. It was then neces- 
sary to renew treatment. An endometrial 
biopsy was attempted premenstrually and a 
tight cervical stenosis was found. A glass stem 
pessary was inserted, which resulted in dis- 
appearance of pain for a few months. Scant 
endometrium was obtained on curettage and 
was reported as progestational in character. 

G. W. age 26, married fifteen months, gave a 
history of dysmenorrhea for ten years. Her 
periods were regular, but with menorrhagia and 
dysmenorrhea. The right breast was larger than 
the left, and a tumor had been removed from it 
a year before. The uterus had a small fibroid 
in its lower segment. The patient was sterile 
and biopsy of the endometrium showed no 
progestational changes. Hormone determina- 
tions disclosed 8 units of estrin, and a negative 
prolan reaction. She was given 1% unit of 
progesterone every three days for ten days 
premenstrually during three months. No 
dysmenorrhea or menorrhagia has occurred 
since. She was delivered of a normal child nine 
months after the cessation of treatment. 

C. P., age 19, complained of dysmenorrhea 
since the onset of menses, which, however, 
occurred regularly. The uterus was normal 
upon rectal examination and no adnexal path- 
ology was found. The dysmenorrhea increased 
with time. Acne, comedones, and mild hirsut- 
ism were present. Basal metabolism was minus 
10. Estrin and prolan determinations were 
normal. Pain in the breasts was present twenty- 
four hours premenstrually, and abdominal pain 
for three days before bleeding. Progesterone 
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1g unit was given every 3 days, ten days pre- 
menstrually for four months. There has been 
no dysmenorrhea since. The acne has dis- 
appeared. There was no effect on the hirsutism. 

A. M., 31 years old, married, had one child 
five years. previous. This patient had men- 
orrhagia for three and one-half years after 
childbirth, and in addition, dysmenorrhea for 
the past one and one-half years. Hormone 
studies were normal. Treatment with 14 unit 
of progesterone every three days for ten days 
premenstrually was instituted. The menor- 
rhagia and metrorrhagia stopped in two 
months, the dysmenorrhea in four months. In 
fourteen months since cessation of treatment 
there has been no return of pain or excess 
bleeding. 

F. B., age 25, single, had a history of in- 
creasing dysmenorrhea for five years. Rectal 
examination revealed no pelvic pathology and 
hormone determinations were normal. Anterior 
pituitary-like hormone given in 1 c.c. doses 
every other day during the last half of the 
cycle for four months, gave relief from the 
severe pain and it was possible to discontinue 
treatment for several months without any 
recurrence. 

R. L., age 21, single, had dysmenorrhea since 
onset of menses at the age of 14. The genitalia 
were apparently normal. Anterior pituitary-like 
extract injected, I c.c. twice a week during the 
second half of the cycle, brought about com- 
plete relief. Treatment was continued for three 
months, and pain has not recurred since dis- 
continuance of medication over a year ago. 


SUMMARY 


Almost all types of hormones have been 
used in treating dysmenorrhea, with good 
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results in a considerable percentage of 
cases. 

Hormone determinations have only occa- 
sionally been of value as a determining fac- 
tor In treatment. 

Endometrial biopsy is a valuable aid in 
the determination of the state of uterine 
and ovarian activity. 

In our series of ten cases, eight were 
benefited either partially or completely by 
administration of corpus luteum hormone, 
and two were aided by anterior pituitary- 
like hormone. One patient helped by 
progesterone was definitely made much 
worse by anterior pituitary-like hormone. 


We wish to express our appreciation for the 
codperation accorded us, and the material 
supplied for the above work, by the Schering 
Corporation (Proluton—corpus luteum _hor- 
mone), Winthrop Chemical Co. (Antophysin 
—anterior pituitary-like hormone), and E. 
R. Squibb (Follutem—anterior pituitary-like 
hormone). 
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THE EFFECT OF A BUFFER OF MANDELIC ACID AND 
ESTROGENIC HORMONE IN THE TREATMENT OF 
TRICHOMONAS VAGINALIS VAGINITIS* 


Tuomas H. Cuerry, M.D., 


F.A.C.S. 


NEW YORK CITY 


T would seem superfluous to add 
another contribution to the long list of 
articles concerning the eccentricities 

and behavior of the trichomonas vaginalis, 
unless very definite data of etiologic and 
therapeutic import could be presented. The 
sole purpose of this paper is to make a few 
observations regarding the rationale of 
therapeutic application in this infection 
and add another chemical agent to the 
already long list. 

The majority of investigators in this 
field seem to believe that the source of the 
infection is from the intestinal tract. The 
protozoan is harbored there, apparently in 
an innocuous state, as no pathologic condi- 
tion of the intestines has been attributed 
to it. The close proximity of the rectum to 
the vagina makes for easy transmission 
of the organism. When entrance is obtained 
the behavior of the trichomonad may be 
harmless, but it may induce, under proper 
conditions, an inflammation of the vagina. 
The inflammatory reaction produces small 
superficial ulcerative lesions of the vaginal 
walls and cervix (portio) that result in a 
profuse yellowish discharge, which micro- 
scopically consists of numerous pus cells, 
a limited number of epithelial cells, and 
many trichomonads in an active state of 
motility. The discharge as a rule is quite 
profuse, may have a disagreeable odor, and 
produces an irritation and itching of the 
vulva that continues in spite of the 
ordinary vaginal douches taken. To the 
patient suffering from this infection is 
imparted not only physical discomfort, 
but a mental depression due to the sensa- 
tion of uncleanliness. 


Treatment of this condition has en- 
deavored to destroy the organism through 
the use of different chemical agents. Many 
preparations have been used, and while 
they have been helpful and have effected 
cures, there is much left to be desired as to 
a definite specific outline in establishing 
better results. 

The trichomonad is sensitive to most 
chemical substances and seems. easily 
destroyed following the usual therapeutic 
measures. However, in a large percentage 
of cases, recurrences are encountered. This 
Is quite characteristic and occurs in spite 
of thorough investigation of the sources of 
reinfection, from the urethra and bladder 
urine and the semen of the consort. Much 
has been written concerning the treatment 
of recurrent attacks, which really seems to 
be the crux of the problem. 

Some underlying factor of a biochemical 
nature is evidently at fault. Along these 
lines, many observations concerning the 
behavior of the trichomonad in the vagina 
have been made. In the first place, the 
vagina can harbor these organisms without 
pathologic reaction of the tissues. The 
vagina also may apparently be free of the 
trichomonads, but as menstruation ap- 
proaches positive specimens are seen. In 
view of this observation it has been thought 
that the trichomonads were harbored in the 
uterine cavity and were active just before 
and during the menstrual flow. I have 
taken many specimens from the uterus and 
cervix of such patients and have failed to 
find a positive specimen. 

We do know that the reaction of the 
normal vagina is acid, with a pH of 4 to 4.53 
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that microscopically a smear will show over 
95 per cent epithelial cells, some mucus, 
occasional pus cells, and many Déderlein 
bacilli. 

Interesting observations have been made 
by Dobszay' as well as by Cruickshank 
and Sharman? concerning the vaginal 
secretions of infants and children. In the 
newborn the reaction of the vaginal 
secretions was found to be acid and the 
Déderlein bacillus was evident. This state 
continued for seven to ten days. Their 
explanation for this reaction was assumed 
to be due to the continued action of the 
maternal estrogenic hormone absorbed 
through the placental circulation in utero. 
After the tenth day following delivery, the 
estrogenic hormone having been excreted, 
the vaginal secretions became alkaline 
without the presence of the Déderlein 
bacillus and continued in this state through 
childhood. At puberty and adult life the 
acidity and the presence of the Déderlein 
bacillus were the prevailing characteristics 
of the vaginal secretions. At and following 
the menopause there is a reversion to the 
prepubertal condition of alkalinity. The 
presence of the Déderlein bacillus is 
important, as its function seems to be to 
maintain the normal acid reaction of the 
vaginal secretion by its action upon the 
glycogen of the vaginal epithelium. We also 
‘know that in trichomonas vaginitis there is 
a complete disappearance of the bacillus in 
pronounced and severe cases. Only a few 
remain in the the milder types, or in 
patients rapidly improving under treat- 
ment. In the severe forms of the infection 
the reaction of the vaginal secretion leans 
toward the alkaline side with a pu of 5 to 
6.5 and sometimes 7.0. 

According to Karaky,® this is due to a 
deficiency of glycogen in the vaginal 
epithelium. Normally the Déderlein bacil- 
lus acts upon the glycogen to produce lactic 
acid, thus maintaining the normal acidity 
of the vagina. I am much in accord with 
Karaky. In the successful treatment of 
these infections, the basic aim of therapy 
should be to lower the vaginal pu, thereby 
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increasing and establishing a higher acidity 
of the vaginal secretions. To produce this 
favorable condition, the introduction of a 
substance having a pH of 2.0 to 3.0 would 
overcome the alkaline tendency and bring 
about an unfavorable soil for the growth 
of the trichomonad and associated bacteria. 

In selecting such a chemical it seemed 
necessary to choose one that was not 
irritating to the vagina. As mandelic-acid 
seemed to be so successful in the treatment 
of renal and bladder infections by rendering 
the urine highly acid, destroying the bac- 
terial flora and preventing their propa- 
gation and growth, we decided to apply it to 
this type of vaginal infection. It has been a 
much discussed point whether the Strepto- 
coccus subacidus is the real culprit in 
producing the local lesions and symptoms 
in trichomonad infestations, as it Is so 
frequently encountered in specimens and 
cultures from the vagina of those suffering 
from the disease. This was another reason 
for trying mandelic acid in the condition. 
This drug has been markedly successful in 
streptococcus infections of the urinary 
tract. It seemed desirable to endeavor to 
maintain the lowered pu of the vaginal 
secretion following the therapy with man- 
delic acid buffer. 

The administration of estrin to patients 
with senile vaginitis is practically a specific 
for the healing of the superficial ulcerations. 
It was thought that it might aid in a similar 
manner in trichomonas vaginitis lesions, 
at the same time increasing the acidity of 
vaginal secretions and antagonizing the 
growth of the organism. In conjunction 
with sodium mandelate insufflations, there- 
fore, injections of 30,000 international 
units of estrogenic substance were given 
three times weekly. This idea was sug- 
gested by the work of Lewis and Weinstein‘ 
in their investigations of gonorrheal vulvo- 
vaginitis of children. They found that the 
normal vaginal reaction in children was 
alkaline (pH 7.2) and that the secretions 
were free of the Déderlein bacillus. In 
gonorrheal vaginitis the reaction showed a 
pH that was neutral. The estrogenic 
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hormone caused the vaginal reaction to 
become acid, with disappearance of the 
gonococci in a surprisingly short time. 

To evaluate and apply these findings 
in patients with trichomonas vaginalis 
infestation, a group of patients were 
selected who suffered from severe and 
pronounced symptoms of vaginitis, profuse 
yellow discharge and aggravated pruritus. 
Microscopic examination showed numerous 
motile trichomonads. The vagina and 
portio gave evidence of the characteristic 
lesions of superficial ulcerations that bled 
easily when wiped with a cotton ball. 
Biopsies from these areas were reported as 
typical. The reaction of the vaginal secre- 
tions was neutral or slightly acid, ranging 
from 5.5 to 7.0. 

These patients received 30,000 I. U. of 
estrogenic substance three times weekly, 
given intramuscularly in the gluteal region. 
No other form of therapy was prescribed 
except a daily cleansing vaginal douche of 
normal saline solution. The vaginal reac- 
tions were carefully taken and the secre- 
tions examined at each treatment. These 
patients were observed over a period of 
months and in every instance there was a 
cessation of the vaginal discharge and 
complete disappearance of the pruritus 
with resolution and involution of the 
vaginal and cervical lesions. This occurred 
when the reaction of the vaginal secretions 
became increasingly acid, 3.5 to 4.5 pH. 
However, in only a few instances when the 
vaginal pH became very low, 3.0 to 3.5, did 
the trichomonads disappear. This would 
lead one to infer, as other observers have, 
that the trichomonads of the vagina do not 
become pathogenic except in a soil that 
becomes fertile in a mildly acid or alkaline 
medium. I think this explains the recur- 
rences in some instances when the vaginitis 
lightens up at the menstrual epoch, at 
which time the secretions become definitely 
alkaline. It may also explain how difficult 
it is, irrespective of the form of local 
therapy, to clear up these infections in the 
presence of a chronic endocervicitis, where 
the cervical discharge is alkaline. When 
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appropriate destructive treatment is ap. 
plied for the cervical inflammation, good 
results in the treatment of the vaginal 
infection can be expected. 

A larger group of patients (fifteen) were 
selected at random from the clinic in order 
to study the local effect of a highly acid 
substance insufllated into the vagina. A 
buffer of mandelic acid was prepared by 
mixing a concentrated solution of sodium 
hydroxide with mandelic acid in molecular 
proportions. This was stirred until dis- 
solved, then the water was evaporated. The 
residue was washed with ether to eliminate 
any remaining mandelic acid. The result 
was a mass which can be pulverized. To 
this powder of sodium mandelate was 
added mandelic acid and glucose in the 
following proportions: 

4.29 Gm. of sodium mandelate 

3.16 Gm. of mandelic acid 

1.00 Gm. of glucose 
This is well mixed and put up in receptacles 
of 2 Gm. each. The pu of this buffer is 3.0. 

The vaginal secretions of the second 
group all showed a positive trichomonas 
infection of varying degrees and the reac- 
tions varied from 4.5 to 6.5. The mandelic 
acid powder was insufflated three times 
weekly, and no other form of local therapy 
was prescribed. These patients were care- 
fully observed for the presence or absence 
of the trichomonads, the pH was meticu- 
lously recorded at each clinic visit, and the 
vaginal secretion examined. Following six 
insufflations, the entire group became free 
of the trichomonads, with a lowering of the 
DH to 3.5 to 4.5. 

When this occurred the local treatment 
was discontinued and the patients were 
given injections of estrogenic hormone 
30,000 I. U., three times weekly for a 
period of three weeks, or nine injections In 
all. They were observed for three weeks 
after the last injection. 

In two instances during this period of 
observation two recurrences of’ positive 
trichomonas were seen, but without the 
subjective symptoms that were a former 
complaint. Careful investigation of the 
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urinary tract did not disclose any trichomo- 
nads in the bladder or urethra. It might 
also be said that in this series, examination 
of the rectum and specimens obtained from 
it did not show the presence of the trich- 
omonas. It would seem that this protozoon 
acquires ready access to the vagina and 
lives there for a long time under favorable 
and unfavorable conditions, and in some 
instances is most difficult to dislodge. 


SUMMARY 


Trichomonas vaginitis is an infection 
induced by the trichomonas vaginalis, 
probably by contamination from the intes- 
tinal tract. The presence of the trichomo- 
nad in the vaginal secretion does not mean 
necessarily a pathogenic process because in 
many instances there is no discharge nor 


are there typical lesions of the vagina and 


cervix showing the presence of such an 
infection. When the vaginal secretion 
changes from the acid to the alkaline side 
conditions are rendered more suitable for 
the growth and pathogenicity of the 
trichomonad. This may occur when the 
entire body tissues are at a low resistance, 
as in anemia, subglandular dyscrasias, and 
at menstruation. 
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The treatment should be to build up the 
general body resistance by administration 
of iron tonics and vitamin therapy and at 
the same time to attempt to produce an 
acid reaction of the vaginal secretion, as 
the trichomonad does not thrive in the 
presence of a pH of 3.0 to 4.0. This can be 
done by insufflating the vagina with a 
mandelic acid buffer. The injection of 
estrin in 30,000 I. U. doses three times 
weekly is a splendid supplement in main- 
taining the acid reaction of the vagina, in 
aiding the reappearance of the Déderlein 
bacillus, increasing the glycogen content of 
the vaginal epithelium, and in destroy- 
ing the trichomonads or rendering them 
non-pathogenic. 


I should like to thank Dr. S. Piracci of the 
Italian Drugs Importing Company for the 
supply of estrogenic substance (ectofollicolina). 
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ABORTION AS A COMPLICATION OF OPERATION IN THE 
PREGNANT WOMAN 


A PLEA FOR THE PROPHYLACTIC USE OF PROGESTERONE 


Jutius E. LAcKNER, M.D. AND Arex §. TuLsky, M.D. 
Attending Obstetrician and Gynecologist, Adjunct Obstetrician, Michael Reese Hospital 
Michael Reese Hospital 
CHICAGO, ILLINOIS 


HE danger of abortion resulting as a 

complication of surgical procedures in 

pregnant women is ever present, 
particularly when the necessary surgery is 
on the internal genitalia, or on organs in 
close approximation to them. Various 
authors have cited the incidence of abor- 
tion in these cases as 4.5 per cent (Mussey 
and Crane), 15.8 per cent (Shallenberger), 
and g.6 per cent (Casas). Several explana- 
tions have been offered for this high per- 
centage of abortion, among which are: 
direct irritation of the uterus by operative 
manipulation (Varo, Greenhill, Shallen- 
berger, Casas); excision of the true corpus 
luteum involved in an ovarian tumor or 
cyst; and performance of an operation at 
a date when the menstrual period would 
have appeared had the patient not been 
pregnant (Varo, Greenhill). Many authors 
have recommended, as a_ prophylactic 
measure, the use of morphine or one of its 
derivatives such as pantopon and dilaudid. 
More recently, Wilson, in writing on 
Ovarian tumors in pregnancy, has sug- 
gested the use of progesterone as a ther- 
apeutic postoperative measure in those 
cases in which odphorectomy includes the 
corpus luteum. This suggestion has also 
been voiced by Holmes. 

Our study is a statistical survey of all 
operations excluding operative delivery, 
done on gravid women at the Michael 
Reese Hospital during a ten year period 
from January 1, 1928 to January 1, 1938. 
One hundred eight cases are reported, of 
which five aborted—an incidence of 4.66 
per cent. This figure closely approximates 
that reported by Mussey and Crane, and is 
significantly less than the figures of Shallen- 


berger and Cases. Of the 108 operations, 
ninety were intra-abdominal, and eighteen 
extra-abdominal. The intra-abdominal pro- 
cedures were further divided into forty- 
eight genital, and forty-two extragenital 
operations. 

Casas classifies genital operations as 
those on the genitalia whether external or 
internal; paragenital operations as those on 
organs in contiguity to the internal genitals, 
such as the appendix; and extragenital 
operations as those on structures remote 
from the genitalia, such as the gall-bladder, 
kidney, stomach, and breast. We have 
preferred the simpler classification of extra- 
abdominal and intra-abdominal proce- 
dures, as we feel that such a division bears 
a closer relationship to the incidence of 
abortion, and is not apt to be confusing. 

Table 1 records our gross figures, and 
shows the number and percentage of the 
procedures most frequently done, with the 
number of abortions consequent to them. 

Of the thirty-two appendectomies, four- 
teen were done for chronic appendicitis and 
eighteen for acute appendicitis, this latter 
group being complicated by one perfora- 
tion with local peritonitis. In this series, 
one abortion occurred on the thirteenth 
postoperative day, although cramps had 
begun as early as the fifth day. 

Seventeen myomectomies were per- 
formed; the indication in six was red 
degeneration with marked symptoms of 
pain, tenderness, nausea, and vomiting, 
and in the remaining eleven, it was twisted 
pedunculated subserous fibroids. There 
was one abortion in this group, following 
removal of two degenerated interstitial 
fibroids situated in the lower uterine seg- 
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TABLE I 
Num- wh Abor- 
cent- |“. 
ber tions 
age 
Intra-abdominal.............| 90 
Appendectomies...........| 32 | 29.0 | 1 
Odphorectomies and ovarian 
Miscellaneous............. 7 6.5 1* 
Extra-abdominal............ 18 
Thyroidectomies........... 7 6.4 | 
Cervical polyps............ 5 4.6| o 
Bartholin adenectomies. . . . 5 4.6] 
Mastoidectomies.......... 2 1.8] o 
Trachelorrhaphies......... I 8] o 


* Cholecystectomy. 


ment. Cramps and bleeding occurred on 
the fifth postoperative day. 

In nine of the twenty-seven ovarian 
operations, no mention of the corpus 
luteum was made, but in five of the remain- 
ing eighteen cases, this structure was 
removed. In two of these five there were 
abortions, one on the second, and one on 
the eleventh day following the operation. 
Table 11 summarizes the significant clinical 


data. 
TABLE II 
Stage Onset 
Abor- Par-| of Post- 
en Age ity Preg- Operation Indication opera- 
nancy, tively, 
Weeks Day 
I 34 2 8 | Appendectomy} Mechanical | 13th 
appendix. 
2 31 2 8 | Ovarian resec-| Cyst con-|} 1th 
tion taining 
corpus lu- 
teum. 
3 26 2 8 Cholecystec- | Cholecys- 7th 
tomy titis. 
4 29 2 8 Myomectomy | Bleeding 2nd 
and resection} corpus lu- 
of corpus lu-| t e u m. 
teum Twisted fi- 
broid. 
5 29 2 12 Myomectomy | Degenerated| 5th 
fibroids. 


_It is of interest to note that most (sixty- 
nine) of the operations were done in the 
first trimester of pregnancy, and that the 
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above five abortions occurred at this time. 
In addition, four of the five abortions 
resulted from surgery done eight weeks 
following the last menstrual period. The 
surgery in the fifth case of abortion was 
done twelve weeks following the last 
menstrual period. In other words, the 
operations were done close to the date upon 
which the patient would have menstruated 
had she not been pregnant. This is in keep- 
ing with the observations made by Varo 
and by Greenhill, although the exact rela- 
tion of cause and effect has not been 
investigated. 

In recent years, it has been shown by 
Falls, Lackner, and Krohn, that the corpus 
luteum hormone, progesterone, acts di- 
rectly on the human puerperal uterus, 
inhibiting its motility. They have demon- 
strated its value in cases of habitual 
abortion. While it was formerly thought 
that removal of the corpus luteum very 
early in pregnancy would induce an inter- 
ruption of the gestation due to cessation of 
hormonal activity, this has not proved to 
be the absolute rule, and it is now consid- 
ered that progesterone may also be elabo- 
rated by the placenta, from the earliest 
stages of pregnancy (Ehrhardt, McGinty). 
Nevertheless, progesterone should have a 
place in the postoperative therapy of the 
pregnant woman. In only nine of the cases 
in this series, was the corpus luteum 
hormone used in the postoperative treat- 
ment. In none of these cases did an abor- 
tion occur, although the number of cases 
so treated is obviously too small to make 
any deductions. The remaining cases in 
which the five abortions did occur, were 
treated with morphine, pantopon and 
dilaudid, and the various barbiturates. 

It has been shown by means of the 
intrauterine bag, that morphine increases, 
rather than decreases, uterine tonicity and 
motility. The same would probably be true 
of its derivatives, so that their efficacy in 
guarding against threatened abortion is 
questionable. While they may diminish 
body activity and pain sensation, they may 
also succeed in irritating an already excited 


a 
a 

| 

| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| | 


364 American Journal of Surgery 
uterus. Certainly the barbiturates can have 
no specific effect on the pelvic viscera, 
being only soporific and hypnotic drugs. In 
progesterone, however, we have a medica- 
tion which has been shown to act specifi- 
cally on the uterus. 

While it may be argued that the inci- 
dence of abortion in this or any other series 
is no greater than the normal expectancy 
of abortion in pregnancy (Mussey and 
Crane), or may be a result of the disease 
rather than the operation (Shallenberger), 
yet the fact does remain that improved 
surgical technique and anesthesia have 
diminished the frequency of abortion, and 
we can seek to lower it still further by the 
use of some preparation which inhibits 
uterine motility, and perhaps aids nida- 
tion. It is suggested that progesterone be 
used prophylactically in the postoperative 
therapy of gravid women in an attempt 
to decrease the consequent number of 
abortions. 


CONCLUSIONS 


1. Operative procedures on pregnant 
women, particularly in the early months of 
gestation, play a definite rdle in the 
incidence of abortion. 
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2. This incidence increases, as the manip- 


ulation involves the internal genitalia, 
especially the ovary bearing the corpus 
luteum. 


3. It has been shown both experi- 


mentally and clinically that progesterone 
directly inhibits the motility of the human 
uterus. 


4. No abortions occurred in a small 


series of cases in which progesterone was 
used postoperatively. 


5. It is suggested that progesterone be 


used prophylactically in the postoperative 
therapy of pregnant women in an attempt 
to decrease the consequent number of 
abortions. 


We thank the Schering Corporation for the 


proluton furnished for this study. 
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OSTEOPLASTIC REPAIR OF CRANIAL DEFECTS 


ANATOLE KOLODNY, M.D., 


F.A.C.S. 


NEW YORK CITY 


tions, when the ventil is not placed 

beneath the temporal muscle, and 
indiscriminate removal of fragments of 
bone in the treatment of depressed frac- 
tures of the skull lead to troublesome 
cranial defects. Surgical treatment of an 
extensive cranial osteomyelitis, especially 
in the region of the frontal bones, as well as 
radical surgical procedures undertaken for 
the eradication of infection of the frontal 
sinuses also contribute to the frequency of 
deforming cranial defects. Clinical observa- 
tions have shown that the pericranium 
may regenerate bone to fill in a defect in the 
child and the adolescent, while in the adult 
only rounding of the edges of the defect 
occurs through absorption. 

The indications for repair of cranial 
defects vary with the site of the defect. 
Epilepsy, motor and sensory, including 
visual epileptic equivalents and psychic 
variants are seen when the defects are 
situated over the parietotemporal and 
occipital regions. Intense headache and 
dizziness, especially on exertion or with a 
low barometric pressure, are nearly con- 
stant symptoms when the defects are 
located over the vertex. Cosmetic reasons 
for repair are given in defects over the 
forehead; to the uninitiated a pulsating 
defect over the forehead or a sunken hollow 
that bulges with brain with a lowering of 
the head is a most disturbing sight. 

_ Since the time when J. v. Mackren 
implanted a piece of bone from a dog into a 
cranial defect of a Russian boy (the graft 
was subsequently removed for religious 
reasons) numerous methods were proposed 
advocating various filling materials, 1 Inor- 
ganic and organic. The inorganic implants 
—aluminum and silver plates, celluloid and 
vulcanite—are used more because of tradi- 
tion than for valid reasons. They act as 


decompressive opera- 


foreign bodies and are a constant source of 
irritation. They become encapsulated by 
inflammatory tissue and ultimately are 
displaced or moved about. They cause an 
inflammation of the underlying dura and 
lead to a pooling of cerebrospinal fluid 
between the thick dura and the brain. From 
time to time the skin covering the plate 
becomes congested, not unlike the skin 
overlying an encapsulated bullet. 

Bone is the most frequently used organic 
substance. Heterogenous and homogenous 
bone transplants occupy a place midway 
between an inorganic object and an 
autogenous bone graft. They also behave as 
foreign bodies and present the additional 
disadvantage of a great tendency to absorp- 
tion and disintegration. The contention 
that foreign bone transplants raise the 
calcium level in the blood and lead to better 
bone regeneration is pure speculation, to 
say the least. 

Similar objections apply to transplants 
of autogenous bone boiled before use, as 
suggested by Naffziger.! When the bone is 
killed through boiling it cannot be con- 
sidered a live autogenous graft; the roent- 
genograms of the implanted boiled bone 
flaps taken several months after the 
implantation, show extensive absorption 
of bone (Cases 1 and u of Naffziger). 
Besides, this boiling of the flap has a 
limited field of application, since it may be 
considered only in cases where a primary 
repair is the aim, and when the bone flap is 
affected by the extension of a neoplasm. 

In evaluating various sources of autoge- 
nous grafts for the repair of cranial defects 
one must think, first, of the technical 
availability and adaptability of the graft 
and, second, of its ultimate fate years after 
the transplantation. The use of autogenous 
cranial transplants, consisting of the ex- 
ternal table of the skull taken from an area 
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adjoining the defect, obviously is very 


limited. These grafts may be considered 
only in very small defects. The removal of a 
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linear fracture that extends through the 
base of the skull ossifies after a relatively 
brief period of time. This is explained 


Fic. 1. A and B, showing large cranial defect resulting from poorly placed decompression done 


elsewhere. Cc, same patient, two weeks after osteoplastic repair. 


larger disc of bone from the external table 
of the skull involves technical difficulties 
known to everyone who tried such a 
removal; even with the use of a thin bladed 
specially curved osteotome the flap will 
break repeatedly and lose its value as a 
rigid support. 

A follow up of the grafts taken from the 
ilium, the scapula and the tibia—the most 
favored sites—has shown discouraging 
results. As a rule the transplants show 
marked absorption after which the defect 
largely reappears. Such results are to be 
expected when one recalls that even a 
primarily replaced cranial flap shows rare- 
faction years after the craniotomy. This ts 
especially marked if the bone flap was 
stripped from the pericranium and its 
blood supply, as is often done in craniot- 
omies to prevent a postoperative extra- 
dural hemorrhage. That this bone flap does 
not join the skull with regenerated bone 
but merely with fibrous tissue is well 
known. 

This importance of the blood supply in 
the regeneration of the cranial bones is also 
seen in the ossification of linear fractures 
of the skull. While in children ossification 
of linear fractures takes place after months, 
in adults they become invisible only after 
many years. However, the portion of the 


by the difference in the blood supply of the 
bones of the base of the skull from that 
of other cranial bones. In their embryologic 
development the bones of the base of the 
skull undergo the process of chondrification 
and are therefore much better supplied 
with blood, while the bones of the vault 
and sides of the skull are of a membranous 
formation. Our knowledge of the vascular 
system of the bones of the skull is limited 
to the venous circulation. When we know 
better the arterial blood supply of the skull 
we will understand why occasionally a 
cranial defect is filled with regenerated 
bone, while in most cases bone regeneration 
is absent. 

While the overwhelming importance of 
the blood supply in the regeneration of 
bone in fractures of long bones is well 
established,” its importance in the regenera- 
tion of cranial bones is not sufficiently 
appreciated. It is futile to expect incorpora- 
tion of a cranial implant as in the case of 
bone grafts of long bones with an abundant 
arterial blood supply and with the physi- 
ologic effect of the muscle tone on the 
underlying bone and its graft. In the skull 
the fate of the graft depends entirely upon 
the speed with which the implanted bone 
becomes vascularized in its new surround- 
ings. The spongy transplant covered with 
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its original periosteum should therefore 
prove the most reliable graft. 
The outer half of a split rib ideally 
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aspect of the rib is pushed away somewhat 


to Insure against injury to the intercostal 
blood vessels and nerves and to the pleura. 


re for 


depressed fracture of skull. c, same patient a few days after repair, 
showing perfect restitution of shape of skull by split ribs. 


approaches this requirement. It is, besides, 
always available and easily adaptable. 
When taken from the rib in the middle 
axillary line the graft approaches the 
general convex contour of the skull. This 
makes bowing and bending of the graft 
unnecessary; because of the resiliency of 
the rib, bending gives only temporary 
results and the graft flattens out in the 
course of time by resuming its former 
shape. Remaining in intimate contact with 
the dura the graft causes no irritation and 
little thickening of it and hence fewer 
adhesions between the dura and the 
underlying brain. 

While simple in principle, osteoplastic 
repair by means of the split rib graft 
demands meticulous care of detail in the 
securing of the graft, its transplantation 
and fixation in the new location. The sixth, 
seventh and eighth ribs on the right side 
are preferred. They are approached through 
a curved incision which is parallel to the 
costal arch and is bisected in its middle by 
the axillary line. The exposure of the rib 
differs from that used in thoracotomy and 
thoracoplasty; one must not injure the 
periosteum covering the external aspect 
of the rib. After the external intercostal 
muscles are cut away, one cuts through the 
Perlosteum along the upper and lower 
edges of the rib, marking the line of the 
split. The periosteum covering the mesial 


Splitting the rib is a difficult step in the 
operation. In the past I used a thin narrow 
osteotome that was introduced into the end 
of the exposed rib with the bevel facing 
mesially; the rib was thus split by the 
advancing chisel. Occasionally the outer 
half of the rib broke and, although still 
attached to the main graft by the perios- 
teum, it lost its value as a supporting 
implant. On one occasion the chisel slid out 
of the split and caused a tear of the pleura. 
Once the osteotome slid through the 
internal half of the rib cutting it crosswise. 
I found that one avoids these complications 
by using a curved, small, thin-bladed bone 
cutting forceps instead of a chisel. 

In estimating the length of the sections 
of the ribs to be removed one usually errs 
on the short side. They should measure at 
least 114 inches more than the longest 
diameter of the cranial defect. When more 
than one rib is required, as in large defects, 
one approaches the adjacent ribs through 
the same curved incision. The grafts are 
left in situ until their new bed is prepared. 

The scalp overlying the cranial defect is 
turned up with due regard for the arterial 
blood supply, for the ultimate cosmetic 
result and for the subsequent draining off 
of the blood that gathers about the graft, to 
prevent a hematoma that will jeopardize 
the ultimate result. In a large defect two or 
more strips of rib are used for filling in the 


Fic. 2. A and Bs, cranial defect following surgical treatment 
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defect by means of a suspension bridge 


framework. 
Before excising the extensive scar tissue 


underlying pericranium are sharply under- 
mined and raised off the bone for a distance 
of 1 inch in Iength and 34 inch in width, 


Fic. 3. Extensive frontal bone defect which resulted from surgical treatment else- 
where of an osteomyelitis after radical surgery of a frontal sinus infection. 


Fic. 4. Same case as in Figure 3, three years after repair with split rib grafts. Shows 
bony union between the grafts and skull and satisfactory density of grafts. 


for preparation of the bed for the grafts, 
one determines the future points of support 
of the grafts and marks them on the shelf 
of the cranium. At these points the dense 
scar covering the bony edge as well as the 


The exposed bony edge is now beveled to 
form a bed for the ends of the ribs. It is 
rawed and roughened in such a manner 
as to secure the most intimate and close 
contact between the exposed diploe of the 
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cranium and the raw surface of the 
rib. 

In very large defects the ends of the long 
grafts may be wedged and inserted into 
wedge-like buttresses at the ends of the 
gouged out bed in the skull. This will insure 
proper curving and bowing of the graft. In 
most cases, however, this tedious process 
may be omitted, since after the raised up 
periosteal flaps are turned down, tucked 
over the ends of the graft and sutured there 
the grafts are secure in their new situation. 

No attempt is made to suture the dura 
to the graft. Great care is exercised in 
controlling all bleeding from the dura, the 
scar tissue about the cranial shelf and the 
turned up flap of the scalp. One avoids 
heavy catgut and any unabsorbable mate- 
rial. The scalp is then accurately sutured 
with a provision for drainage for twenty- 
four hours, to prevent an accumulation of 
serum that may interfere with an early 
adherence of the scalp and the dura to the 
surfaces of the graft. Snug bandaging and 
dependent posture for the first ten days 
will keep the dura in contact with the graft. 
The vascular scalp soon adheres to the 
costal periosteum, while the dura becomes 
attached to the spongy vascular raw 
surface of the graft. This promotes an early 
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establishment of a blood supply in the 
grafts, with an early bony union between 
the ends of the grafts and the rawed bony 
shelf of the skull. 

During the past ten years I have used 
this method of repair of a cranial defect in 
eighteen cases, in which the defects ranged 
between 2 and 5 inches in diameter. In five 
cases more than one operation was neces- 
sary before entirely satisfactory results 
were obtained. The final results in all cases 
were good; the defects were well filled and 
remained so years later. 

At no time did any of the patients suffer 
later from the thoracic injury caused by 
the removal of the grafts. The ribs fully 
regenerated from the remaining half. Once 
a patient developed a pneumonia post- 
operatively on the side from which the 
grafts were taken. This may have been 
merely coincidental. 
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DEAD TEETH AND THE ANTRUM OF HIGHMORE 


JoszF Novitzky, D.D.s. 


SAN FRANCISCO, CALIFORNIA 


HE Antrum of Highmore has long 

been a controversial field. One might 

aptly describe it as a sort of inter- 
national settlement, in which the rhinolo- 
gist, the surgeon dentist and the general 
surgeon feel that each has some particular 
qualification entitling him to its operative 
treatment. 

My comments will deal with the first 
two. If antral suppuration is secondary to 
involvement of the upper air passages and 
sinuses, the rhinologist is indubitably the 
one best qualified to render an opinion as 
to what procedure should be followed. 

Likewise, if antral involvement is depend- 
ent upon extension from an infected or 
suppurating tooth root the dental surgeon, 
in the careful surgical removal of the 
offending tooth, working in a dry field with 
novocaine anesthesia and adequate expo- 
sure, Is in an excellent position to determine 
what additional operative treatment is 
indicated. It would appear that in some 
selected cases, a careful study of well taken 
roentgenograms and a consultation and 
collaboration of specialists might be of 
advantage, particularly to the patient re- 
quiring surgical treatment of his infection. 

This might be emphasized, as I have 
operated upon several antral floors: after 
nasal surgery had failed to cure chronic 
antral suppuration. The true etiology of 
the antral pathology, the dead teeth, had 
been ignored. 

A study conducted with Dr. Frank 
Blaisdell at Stanford University has de- 
monstrated conclusively the extension of 
inflammatory and septic reactions to parts 
distant from dead teeth. 

I have evolved an operation for the 
surgical removal of dead teeth which has 
shown a high percentage of upper tooth 
roots involving the antral floor, giving 
evidence of the real etiology of many 


chronic antral suppurations. Inflammatory 
proliferations are often direct extensions 
from dental pathology. Definite surgical 
dissection, working with direct vision and 
with hemorrhage under control, working 
only when the operative field is not ob- 
scured by blood, is essential. Injury and 
postoperative bacteremias from septic re- 
tention are avoided. Novocaine anesthesia 
and control of hemorrhage have been 
valuable adjuncts in obtaining this result. 
Incomplete traumatizing surgery and 
extensive work in the presence of an acute 
infection are dangerous and may be the 
immediate cause of death. Osteomyelitis 
and death have followed antral surgery, 
particularly when an acutely inflamed 
sinus is curetted; bacteremia and death 
may follow the “pulling” of abscessed 
teeth, complicated by a diffuse infection. 
If the patient survives, postoperative fever 
and protracted convalescence are fre- 
quently observed. When the surrounding 
tissues are involved in an acute infection, 
incision, drainage and moist heat should 
be employed until the process becomes 
localized so that surgery may be under- 
taken with minimum risk to the patient. 
Infective granulations must be com- 
pletely removed, as retention in a sinus or 
a tooth socket means trouble. I find a 
rotated sponge is usually sufficiently effec- 
tive in removing granulations from the 
sinus. If this method does not succeed, 
they must be dissected out carefully. 
Blindly curetting the antral cavity has 
resulted in injury to the lining membrane 
and the division or cutting of the alveolar 
nerves which lie between the antral mem- 
brane and the antral floor (not in the facial 
wall of the antrum). Numerous anatomic 
studies have confirmed this fact. It is to be 
borne in mind that the division of the 
alveolar nerves results in leaving the teeth 
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vital but insensitive. This frequently leads 
to loss of the teeth as there is no warning of 
the advance of tooth decay. 

During the surgical removal of upper 
dead teeth pathologic perforations through 
the antral floor are frequently encountered. 
If necrosis is present the dead bone is 
removed. When the antral membrane is 
normal, thin and moving with respiration, 
it is not disturbed. A thick inflammatory 
membrane is rigid and should be incised 
so that the antral cavity may be examined 
for granulation tissue and polyp. 

Removal of bone from below the antral 
membrane must be thorough as it is most 
important to leave the wound clean and 
free of any operative débris such as crumbs 
of bone and shreds of abscess wall; this will 
insure a smooth, uneventful repair, free 
from postoperative suppuration. Gauze 
packs are not allowed to remain in the 
wound, but are used only to control bleed- 
ing and to prevent bone chips from falling 
into the sinus. The gums are sutured with 
interrupted dermol which is removed on 
the fourth day. The alveolar process may 
be trimmed sufficiently to permit a flap 
to cover the antral opening. Uniformly 
good results have been obtained by this 
technique. 

In my student days it was customary to 
irrigate a sinus for many months. Today I 
seldom find it necessary following surgery 
unless there is a postoperative rise in 
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temperature. Several of my patients devel- 
oped influenza shortly after operation and 
the postoperative fever induced me to 
irrigate the sinus which was found clean. 

If, however, irrigation should be indi- 
cated some days after operation a No. 9 
American soft rubber catheter is introduced 
through the healing incision, the patient’s 
head is lowered to between the knees and 
2 liters of a warm 14 per cent solution of 
saline with boric acid added are run 
through by gravity. It may be advisable 
to doa preliminary shrinking of the nasal 
ostium. When the irrigation is finished the 
suction may be applied to the catheter end 
to dry the cavity completely. 


SUMMARY 


Metastasis with serious sequelae, from 
dental focal infection manifesting slight 
clinical symptoms, is an established fact. 

In the acute diffuse infection, operative 
interference should be most conservative, 
limited to establishing free drainage until 
the process is localized. Moist heat applica- 
tions have been found valuable in main- 
taining circulation of the blood, inflamma- 
tion is defensive, when circulation becomes 
blocked the defense fails. 

Careful surgical dissection under direct 
vision in a field unobscured by blood and 
the removal of all operative débris is 
essential to success. 
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A SIMPLE METHOD FOR DETERMINING THE 
COAGULATION TIME OF THE BLOOD 


Cuarzes F. HuMBERT, M.D. 


Pathologist, Wheatley-Provident Hospital 


KANSAS CITY, MISSOURI 


HE coagulation time of the blood is 


of tremendous importance in opera- 


mination of the coagulation time. The 
finger is cleansed and punctured in the 


tive procedure. There are records of usual manner. The first drop of blood is 


1. 


severe hemorrhage and even death due to 
the failure of the surgeon to protect the 
patient and himself. 

There are many methods described for 
determining the coagulation time of the 
blood. All are more or less accurate, some 
require unusual skill and nearly all require 
apparatus or solutions, or both. In hospital 
practice, the surgeon depends largely upon 
the laboratory to make his tests, but minor 
operations are often done in the home or 
office and there the test must be made 
by the physician. 

The following inexpensive and simple 
method may thus prove useful. It has been 
in use in the Wheatley-Provident Hospital 
for five years without the occurrence of a 
single fatality due to the inaccurate deter- 


2: 


discarded because of likely contamination. 
The second is allowed to remain for two 
minutes. Then the corner of a piece of 
absorbent paper is placed at the center and 
the blood from this part absorbed. (Fig. 1.) 
If coagulation has started, a ring (Fig. 2) 
will be seen at the periphery. The blood will 
coagulate there more quickly and remain 
adherent to the skin. If no ring is seen an- 
other drop is allowed to remain for four 
minutes and the procedure repeated. If still 
there is no ring, it is again repeated and the 
period increased until coagulation time 1s 
determined and safety of operative proce- 
dure established. 

This method is sufficiently accurate, and 
is inexpensive and simple in operation. 
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INTESTINAL OBSTRUCTION ASSOCIATED WITH 
ANOMALIES OF ROTATION AND FIXATION 
OF THE INTESTINE: REPORT OF A CASE 


CuarLes W. Mayo, M.D. 
Division of Surgery, The Mayo Clinic 


AND 


E. G. WAKEFIELD, M.D. 
Division of Medicine, The Mayo Clinic 


ROCHESTER, MINNESOTA 


which consist of an increase in length 

and in rotation and fixation are re- 
quired to transform the primitive em- 
bryonic digestive tube into the adult 
digestive system. This paper is concerned 
with anomalies of fixation. However, with- 
out increases in length, rotation and fixa- 
tion would not be necessary. Ideally, the 
process of fixation should take place only 
after increase in length and after the 
completion of rotation. Ideals are rarely 
attained during development. Actually, in 
practice, one encounters a great many 
variations of fixation of the intestine, but 
most of them are within what may be 
considered the limits of the normal. 
Anomalous fixation may be associated with 
failure of the first, second or third stages of 
intestinal rotation.! The lack of fixation 
associated with failure of the second or 
third stages of intestinal rotation or occur- 
ring in the presence of a normally rotated 
intestine may be the cause of intestinal 
obstruction. The intestinal obstruction is 
produced by an abnormal mobility which 
permits twisting of a segment or the whole 
intestinal mass. It is the object of this 
report to record an extraordinary instance 
of recurring intestinal obstruction which 
was due to volvulus of the intestinal mass. 
A failure of the second and third stages of 
intestinal rotation with lack of subsequent 
fixation was found at the time of surgical 
operation. (Fig. 1.) 


| developmental changes 


REPORT OF CASE 


A man, aged 24 years, came to The Mayo 
Clinic complaining of intermittent attacks of 
abdominal cramps which had occurred since 
birth. During the first three months of life 
he had had great difficulty in retaining food 
and in gaining weight. The attending physician 
had seriously considered the possibility of 
congenital pyloric stenosis. After the patient 
had become three or four months of age he had 
begun to gain weight and strength and subse- 
quently had attained normal development in 
spite of frequent attacks of abdominal pain. 
The attacks of abdominal pain always had 
occurred very suddenly. The pain had usually 
been referred to the lower part of the abdomen 
and had been intense and cramp-like. In all 
the attacks much borborygmus, abdominal 
distention and incessant vomiting had been 
present. The attacks had lasted from a few 
hours to two days or until he had begun to 
pass flatus. He had discovered early in life 
that an attack might be completely relieved by 
taking a “full enema” (about 2,000 c.c. of 
fluid). In the interim between attacks he had 
been comfortable, his appetite had been good 
and his bowel motions had been regular without 
the use of laxatives. His appendix had been 
removed during one of the attacks. At the 
time of the appendectomy it.had been observed 
that the cecum was situated in the left half 
of the abdomen. A second operation had been 
performed for “‘adhesions.” 

Physical examination revealed that the pa- 
tient was well developed but somewhat under- 
nourished. He was 5 feet and 10 inches (177.8 
cm.) in height and weighed 130 pounds (59 kg.). 
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Roentgenologic examination revealed that the 
colon was situated mainly on the left side of 
the abdomen. The cecum was in close approxi- 


Fic. 1 
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in the general region of the ligament of Treitz. 
The base of the mesenteric attachment ex. 
tended a short way down the left side of the 


. Schematic representation of intestine and colon as observed at time of 


surgical operation. 


mation to the sigmoid colon and descending 
colon. Physical examination did not disclose 
any other abnormality. 

At operation the total mass of the intestine 
was found suspended from a mesentery which 
was attached in the upper part of the abdomen 


abdomen. The mesentery was thick and heavy 
and loops of the small intestine appeared to be 
rolled within its leaves. In some sections of the 
coiled and rolled mesentery, which contained 
loops of the small intestine, it was difficult to 
determine whether or not herniation of loops 
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of the small intestine had occurred. On retract- 
ing the mass of the intestine forward and out of 
the abdomen, it was observed that there were 
no posterior attachments of any part of the 
intestine to the right of the midline of the 
abdomen. The lack of attachment of the small 
intestine permitted its free rotation in an arc 
of 180 degrees in either a clockwise or counter- 
clockwise direction. The cecum and sigmoid 
and the transverse segments of the colon were 
in close approximation and were loosely ad- 
herent to the small intestine. The cecum had 
not rotated; it appeared to be rolled posteriorly 
and was attached to the sigmoid segment of the 
colon and to a portion of the descending colon. 

A Meckel’s diverticulum was present about 
15 inches (37.5 cm.) proximal to the cecum. 
The diverticulum was about 3 or 4 cm. in 
diameter and was shaped like the neck of a 
bottle. It was not removed because it had a 
wide non-obstructing neck and also because 
of the danger of prolonging the operation. 
The superior mesenteric vein was unusually 
large, about 2.5 cm. in diameter in its proximal 
segment, and was very prominent. The superior 
mesenteric artery also was prominent. The 
appendix had been removed at a previous 
operation. 

The mesentery, which suspended the cecum, 
ascending and transverse segments of the colon, 
was freed from its attachment, which was 
situated in the region of the ligament of 
Treitz. The cecum and the ascending segment 
of the colon were carried across and fixed with 
silk sutures to the lateral and anterior portions 
of the abdominal wall in approximately their 
normal position. The omentum of the trans- 
verse colon was brought across to cover the 
small intestine. 

During the first seven or eight days after 
the operation the patient was nauseated and 
unable to retain food. He then began to eat, 
and to gain weight and strength, and he 
seemed to be normal in every respect. A 
roentgenologic examination of the colon one 
month after operation revealed that the 
cecum and ascending colon had remained 
where they had been fixed at the time of the 
operation. On dismissal the patient said that 
he felt better than he had at any time. 


COMMENT 


The lack of fixation of the mesentery 
may be compatible with digestive health, 
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but when symptoms do occur they may be 
the result of volvulus, intussusception or 
occasionally, internal hernias. The com- 
monest type of absence of fixation of the 
mesentery occurs when there is failure of 
the third stage of intestinal rotation. In 
cases in which there is a failure of the third 
stage of rotation, the cecum and proximal 
segment of the colon are left with varying 
degrees of mobility. It is necessary to 
emphasize that in our experience the 
so-called cecum mobile does not usually 
produce symptoms. We have found it a 
rather common occurrence. 

Keyes recently reported two instances 
of failure of mesenteric fixation during the 
third stage of intestinal rotation in 148 
cadavers. In neither had any known 
abdominal symptoms occurred during life. 

Anomalous fixation of the mesentery 
which accompanies failure of the first or 
second stages of intestinal rotation and 
which is capable of producing serious 
symptoms may be divided into two groups: 
(1) the group in which there is failure of 
fixation of the small intestine, which makes 
possible the occurrence of volvulus of the 
entire mass of small intestine about the 
mesenteric pedicle,? such as occurred in 
the case reported in this paper; and 
(2) the group in which there are persistent 
congenital mesenteric bands which cause 
an intermittent and at times complete 
obstruction.‘ Gardner and Hart have 
reported two cases in which the anomaly 
belonged to the first group, and they 
reviewed the ninety-eight cases that had 
been reported in the literature. In eighty- 
eight of the ninety-eight recorded cases, 
volvulus resulted from twisting of the 
mass of the small intestine about the 
mesenteric pedicle. In the remaining ten 
cases the anomaly was the result of what 
these observers designated as “reverse 
rotation,” which caused obstruction in the 
transverse colon. We have studied and 
recorded our experience in fifteen cases 
in which intermittent intestinal obstruction 
was caused by persistent congenital mes- 
enteric bands accompanied by failure of 
the second stage of intestinal rotation. 


43 
i 
a 
é 
i 


376 American Journal of Surgery Mayo, Wakefield—Anomaly NOVEMBER, 1939 


In conclusion we wish to reiterate that 2. GARDNER, C. E., Jr., and Hart, Deryt. Anomalies 


anomalies of intestinal rotation and fixa- o intestinal rotation as a cause of intestinal ob- 
struction: report of two personal observations; 


tion of the mesentery are commonly review of 103 reported cases. Arch. Surg., 29: 
observed. These anomalies are not usually 

3- EYES, nomalous fixation of the mesentery: 
productive of symptoms. report of two cases. Arch. Surg., 38: 99-106 (Jan.) 


1939. 
FENERENCES 4. WAKEFIELD, E. G., and Mayo, C. W. Intestinal 
1. FRAzER, J. E., and Rossins, R. H. On factors con- obstruction produced by mesenteric bands in 
cerned in causing rotation of the intestine in man. association with failure of intestinal rotation. 
J. Anat. er Physiol., 50: 75-110 (Oct.) 1915. Arch. Surg., 33: 47-67 (July) 1936. 


THE anterior pituitary appears to be necessary for the absorption of 
glucose at a normal rate from the digestive tract. . . . The “diabetogenic”’ 
hormone of the anterior pituitary probably prevents the prodigal waste of 
important, but sometimes small, carbohydrate reserves which, for example, 
are maintained in spite of fasting. 

From—‘“The Physiology and Pharmacology of the Pituitary Body,”’ vol. 
i, by H. B. Van Dyke (University of Chicago Press). 


CYSTADENOMA OF THE PANCREAS 
REMOVAL THROUGH VERTICAL INCISION IN THE GASTROHEPATIC OMENTUM 


Freperick E. NEErF, M.D., F.A.C.S., 


Director of Gynecology, Misericordia Hospital 


G. L. RoHpENBURG, M.D. 


Director of Laboratories, Lenox Hill Hospital 


AND 


S. A. RITTER, M.D., F.A.C.S. 


Assistant Attending Surgeon, Misericordia Hospital 
NEW YORK CITY 


YSTADENOMATA of the pancreas 
are of interest’ to the surgeon 
scientifically, because of their rarity 

and insufficiently studied pathology and 
they are of considerable practical impor- 
tance to him so far as the technique for 
their successful removal is concerned. With 
this in mind, the case history of this patient 
is recorded, for further critical review. 


Mrs. B. G., a woman of nervous constitution 
approaching the age of 445 for two years com- 
plained of a darting pain in the right lower 
abdominal quadrant, which radiated into the 
right groin. The pain was never severe. It was 
thought referable to the appendix by the pa- 
tient but there were no characteristic seizures 
or findings. Occasionally there was also some 
pain in the right sacral region. 

The patient readily became tired. Her eating 
habits and appetite were generally good, but 
she felt restrained in eating because of the pain 
in the right lower quadrant which followed. Her 
weight before operation was about 150 pounds. 

There was habitual constipation, more pro- 
nounced in the previous one or two years. No 
complaints were referred to the urinary bladder. 
A hard mass in the abdomen had been noted 
a few days before. 

The menses, originally normal, during several 
years past were prolonged to five or six days 
and small clots appeared. There was, however, 
no menstrual trailing. Beyond some bearable 
permenstrual pain no pronounced molimina 
occurred. The last menstrual period had occurred 
two weeks previously at the estimated time. 

She had had two normal deliveries, one at the 
age of 15, the other at 25. No abortions, 
curettements or operations were reported. 

‘Twelve years before the patient had met 
with an automobile accident in which her 


shoulder was bruised, but apparently no sequel 
remained except headache. She was subject to 
influenzal infection during the winter season, 
particularly two years before. There was a 
maternal history of thyroid disorder. 

The mid-abdomen was prominent at the site 
of the mass, which was intra-abdominal, well 
circumscribed and apparently close to the 
abdominal wall. In relation to the umbilicus 
it could be outlined as follows: 214 inches 
above, 3 inches to the left, 2144 inches to the 
right and 14 inches below. (Fig. 1.) When it 
was held fixed under the palpating hand no 
traction appeared to be exerted by respiration. 
The mass gave the impression of limited 
mobility towards the left, but this proved to 
be erroneous when the abdominal wall was re- 
Jaxed under anesthesia; its actual origin from 
the upper abdomen and fixed attachment 
posteriorly were then unmistakable. At the 
previous clinical examination attempts to shift 
the mass caused slight pain. Old circum- 
umbilical striae were noticed in the abdominal 
wall, but there was no change in the umbilicus, 
no infiltration, no enlarged veins. 

The upper border of the liver was 24 inch 
below ensiform level and its lower border at 
“intersection point.” The gall-bladder area was 
not tender, the lower pole of the right kidney 
not palpable, the epigastrium above the ab- 
dominal mass was flat and soft. The descending 
colon could be palpated readily and was 
impacted but not tender. The cecum was empty 
and there was no tenderness over the right beta 
point. No mass»was palpable in the hypo- 
gastrium. Pelvic examination revealed nothing 
beyond a slight dextroversion of the uterus 
with a mild catarrhal endotrachelitis. 

The urine was free of albumin and sugar. 

The general impression was of a peduncu- 
lated myoma of the uterus. Carcinoma of the 
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transverse colon was considered at first, but 
under anesthesia the likely diagnosis rested be- 


tween an omental mass and cyst of the pancreas. 


Fic. 1. Total extirpation of cystadenoma of the 
pancreas through the gastrohepatic route. 
Impression of tumor location and size by 
palpation and percussion before anesthesia. 


Operation was done May 6, 1937 and lasted 
one hour forty-five minutes. Gas-oxygen-ether 
anesthesia was preceded by morphine sulfate 
gr. 14 and atropine sulfate gr. 1459. Near the 
end of the operation intravenous infusion of 
physiologic saline solution was administered: 
400 ¢.c. were given in the operating room and 
an additional 200 c.c. in bed. 

The real origin of the abdominal tumor then 
became more evident; the mass appeared fixed 
and had shifted towards the upper abdomen. 
The incision was placed slightly extramedian, 
being carried to the left of the umbilicus, and 
after exploration through the smaller incision, 
it was extended upward to the ensiform notch. 

The stomach, pylorus and first part of the 
duodenum appeared normal. The liver margin 
was high. The table rack was raised at the 
level of the upper abdomen to put the patient 
into the gall-bladder posture. The transverse 
colon showed no lesions. There was no omental 
tumor or mass. 

When the stomach was drawn downward, a 
bluish surface with grape-like contour could be 
seen through the gastrohepatic omentum. Con- 
nection of the mass with the pancreas was 
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verified by palpating through the foramen of 
Winslow with the left index finger. (Fig. 2.) 
Instead of dividing the attachment of the 


through 
Gastra-hepalet 
Omentum 


(Neef/ 


removal of cystadenoma 


Fic. 2. 
through vertical incision in the gastrohepatic 
omentum. No drainage. Primary healing. 


Complete 


lesser omentum to the lesser curvature of the 
stomach, we made a vertical slit in the gastro- 
hepatic omentum to gain access to the lesser 
sac and the space behind the stomach. Through 
this route the tumor was liberated and removed 
by stripping and dissection, with careful 
adherence to the surface of the mass and palpa- 
tion for larger vessels to be secured. As the 
tumor was gradually lifted from the surface of 
the pancreas posteriorly and towards the left, 
a vein the size of a goosequill and a pulsating 
artery of similar caliber were identified. The 
vein was ligated and a small portion of pan- 
creatic tissue removed with the growth. Some 
time was consumed in obtaining thorough 
hemostasis and a dry tumor bed. (Fig. 3.) No 
drain was used. The slit in the gastrohepatic 
ligament was not closed by suture, but coapted 
well when the stomach was allowed to return 
to its normal site. The cystic tumor was re- 
moved intact with the exception of one small 
loculus which was punctured during the pro- 
cedure and from which spurted a clear fluid, 
4 to 6 inches high from a pin point opening. 
(Fig. 4.) 

During and after operation the pulse rate 
reached a maximum of 140, but its quality 
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Fic. 3. Pedicle stitch inserted after removal of tumor through vertical slit 
in lesser omentum. 


Fic. 4. Reconstructed diagram of mass. Tumor measurements 9 X 
: 9 X 6 cm. Individual cysts from 0.4 to 2.4 cm. in size. A, strip of 
pancreas. B, site of origin near tail of pancreas. 
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remained relatively good until the final step 
in tumor removal. Then it became poorer but 
was promptly restored as the warm saline took 
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attached to the surface. Section revealed a 
multilocular cystic structure throughout. The 
individual cysts were smooth-walled and con- 


Fic.’ 7; 


Fic. 8. 


Fics. 5 To 8. Photomicrographs of cystadenoma of pancreas. 


effect. At the end of operation the pulse rate 
was 140; the pulse quality was good, eyelids 
tonic, pupils narrow, color slightly flushed, 
breathing quiet. Within an hour after the 
return to bed the pulse rate dropped to 116 and 
remained satisfactory. 

The mass measured g by g by 6 cm., and its 
surface was studded with multiple thin-walled 
cystic nodular projections ranging in size from 
0.4 to 2.4 cm. in diameter. A small piece of 
' pinkish and finely lobulated pancreatic tissue 
approximately 2 by 1 by 0.6 cm. was firmly 


tained serous fluid brownish-yellow or, more 
often, dark brown in color. (Fig. 4.) 
Microscopic examination showed congeries 
of cysts of various sizes lined with one or 
multiple layers of small undifferentiated cells. 
The outlines of some of these were poorly 
delineated, while others were sharply defined, the 
latter being cuboidal or polyhedral in shape. 
The nuclei were small, spheroidal and rather 
chromatic, the cytoplasm apparently non- 
granular and usually clear. The latter was 
evidently free of lipoid material since no fat was 
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demonstrable by the Scharlach r stain. There 
were no definite papillary ingrowths, though in 
localized areas the cells were heaped up in the 


(X 333-) 


Fic. 11. Section of pancreas. (X 333.) 


form of blunt or slender processes which pro- 
jected into the cyst cavities. These cavities 
were generally empty, but some contained 
serum, erythrocytes and a few desquamated or 
inflammatory cells. The supporting septa dif- 
fered in thickness and consisted of connective 
tissue of varying density and cellularity, loose 
and edematous in some places, dense or hyaline 
in others. In some of the septa there were a few 
glandular spaces lined with cells similar to those 
lining the cysts and there were also small nests 
of cells reminiscent of islet cells. Neither pan- 
creatic acini nor ducts could be identified in the 
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tumor, though there was a quantity of pancreatic 
tissue attached to the outer surface. The growth 
was well vascularized and in some regions 


Fic. 10. Cysts lined with a single layer of 
epithelium. 


Fic. 12. Section of a small cyst under high 
power. 


showed scattered hemorrhages together with 
an irregular inflammatory infiltration, the 
inflammatory cells consisting chiefly of small 
round cells. (Figs. 5-14.) 

A review of the various slides obtained from 
this tumor indicated that about 85 per cent of 
the cyst spaces were lined with a single layer 
of epithelium; in about 3 per cent the epithelium 
was from two to five cells deep, making due 
allowance for the plane of section, and in 
approximately 1 per cent small localized 
papillae were observed. This behavior is quite 
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analogous to that observed in multilocular 
cysts of the ovary. 
Postoperative Course. 


Hypodermoclysis with 


Fic. 13. Intercalated tubules and round-cell 
infiltration in connective tissue stroma. 


saline was instituted towards evening of the 
day of operation and 1,000 c.c. fluid were given 
in this way. Within eighteen hours after oper- 
ation the maximum rectal temperature reached 
103.4°F., with respiration 18, pulse 120 soft, 
fair in volume, and regular. The chief complaint 
was thirst and this was met by starting the 
rectal drip with plain water at the rate of 
16 drops per minute continuously, except in 
the morning and evening from 6 to 8 o’clock. 
Morphine sulfate gr. 14 with atropine sulfate 
gr. 1459 were administered as needed. 

No liquid by mouth was tolerated for forty- 
eight hours after operation. The period of 
thirst was followed by one of heartburn on the 
third day. The patient was still thirsty and 
quite irritable. Bed exercises for the extremities 
were encouraged and the patient was tilted 
to the right or to the left side. The heartburn 
was finally overcome by feeding thin cream of 
wheat with milk, cream soups and lime water 
made palatable with milk and given in 2 ounce 
doses. 

On the fourth day gas distress and gas pain 
were relieved by means of the siphon enema 
with plain water and without the help of 
pituitrin. On the fifth day the gas pain waned 
and the patient was put on a convalescent’s 
diet. 

The sixth day following operation towards 
evening the patient was greatly upset because 
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of general abdominal and epigastric distress. 
The temperature rose to 102°F., the pulse 
varying from 108 to 116, of good quality. No 


Fic. 14. Cyst sections. (X 125.) 


heartburn was present. The next morning, 
that is six and a half days postoperative, the 
menses appeared. The first dressing was done 
at this time and all the stitches were removed. 
The incision line was dry and there was no 
infiltration or local disturbance. 

On the eighth day postoperative the tem- 
perature reached its maximum of 102.2°F. The 
cytologic and chemical blood examination at 
this juncture showed the following: 


Blood Cytology 


re 68 per cent (10.6 Gm.) 
ee 84 per cent (22 per cent 
immature cells) 
Differential 14 per cent 


Blood Chemistry 


CO: combining power.......... 55.7 volumes per cent 


The urine contained no acetone, diacetic acid 
or sugar. 

Thereafter the temperature dropped gradu- 
ally and was again normal on the thirteenth 
day after operation. Seventeen days after oper- 
ation the blood cytology was as follows: 
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Hemoglobin.......... 62 per cent (9 Gm.—standard 
15.5 Gm.) 
5,800 
ar 64 per cent (12 per cent 
immature) 
Differ- ymph...... 30 per cent 
ential )Mono....... 4 per cent 
2 per cent 


The patient was allowed out of bed and went 
home two days later, after a total hospital stay 
of nineteen days. 


CLINICAL RETROSPECT 


1. There is an apparent disparity with 
reference to location and mobility as 
ascertained before anesthesia and during 
it. As the diagram of the office findings in 
the recumbent posture showed, the mass 
presented itself in the umbilical region and 
conveyed the impression that it moved 
with respiration. Under anesthesia, on the 
other hand, it was most prominent in the 
epigastric area and appeared to be more 
fixed; nevertheless positive differentiation 
between an omental mass and pancreatic 
cyst could not be made before operation. 
On exploration, however, a bluish mass 
nearly 4 inches (about 9 cm.) in diameter 
could be seen between the liver and lesser 
curvature of the stomach, pushing the 
gastrohepatic omentum before it. That it 
was a tumor arising from the pancreas was 
easy to verify by introducing the left index 
finger into the foramen of Winslow. 

2. In this approach, deviating from the 
usual, the lesser omentum was _ incised 
vertically to avoid division of blood vessels 
supplying the lesser curvature. Through 
this opening the multilocular tumor to- 
gether with a small strip of pancreas was 
extirpated. 

3. Drainage was omitted. This would 
seem to lessen postoperative intra-abdomi- 
nal irritation due to the presence of a 
foreign body in the territory of the solar 
plexus. It also allows the divided gastro- 
hepatic omentum to coapt perfectly and 
heal without interference. Besides obtain- 
ing a minimal degree of intra-abdominal 
cicatrization and adhesion, the union of the 
abdominal wall itself is interrupted at no 


Neef et al.—Cystadenoma 


American Journal of Surgery 383 


point so that there remains no postopera- 
tive sinus when the sutures are removed at 
the first dressing—in this instance six and 
a half days after operation. 

One year after operation the patient’s 
average gross weight was about 150 
pounds. She had lost weight before under- 
going operation. The weight one month 
after operation was 133 pounds; in a further 
three weeks 13414; six months postopera- 
tive 14414, and 14044 on revision one year 
after operation. At this time she excluded 
sweets from her diet. 

Some symptoms remained which were 
referable to occasional hyperthyroidism 
with palpitation on the heart. The patient 
mentioned that she still had some abdomi- 


nal pain in the right side, which, however, . 


was indefinite and absent for two weeks at 
a time. Her appetite was very good, food no 
longer upset her digestive function, there 
was no discomfort after eating. She also 
stated that she had not been constipated 
for nine months after her operation, slept 
well, and experienced no pain in the region 
of the scar. 


SUMMARY 


It is noteworthy that the history of this 
patient contained very little that was sug- 
gestive of her real disorder. 

Initially even pelvic origin of the tumor 
was considered, because it projected itself 
largely in the umbilical area as the dia- 
grams which were made at this time 
indicate. A neoplasm of the transverse 
colon or an omental mass might also be 
found in this location. Not until the patient 
was under anesthesia was its attachment in 
the upper abdomen clearly defined making 
a cyst of the pancreas likely. 

The gastrohepatic omentum was found 
stretched over the presenting tumor and 
was incised vertically instead of according 
to the usual technique. This opening, with 
slight lateral traction, afforded sufficient 
working room. Vertical incision had the 
advantage of being in itself bloodless and 
obviated the necessity of severing the 
vascular attachment of the gastrohepatic 
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omentum to the lesser curvature of the 
stomach. 

As was expected the removal of a small 
strip of pancreas at the vascular base of the 
tumor had no noticeable effect on the 
patient’s blood chemistry. 

Another deviation from the usual proce- 
dure was the avoidance of all drainage of 
the tumor bed. The reflex upset caused 
during convalescence by drains lodged in 
this region, as well as the formation of 
adhesions and delay in the complete 
closure of the abdominal wound may be 
factors of some importance; and, where 
there is reason to believe that the hemo- 
stasis is secure, the bed is dry and the wound 
is clean such drainage appears unnecessary. 

A review of the literature reveals that a 
number of conditions which are not true 
neoplasms have been classified as pan- 
creatic cysts, and, in other instances the 
pathology was too meager to establish that 
the tumor was a true cystadenoma. The 
growth which is described here is histologi- 
cally a benign neoplasm and belongs to the 
group of true cystadenomata. 

The number of cystadenomata of the 
pancreas recorded as successfully removed 
is comparatively limited. In this patient it 
was an advantage that the cystic tumor 
had its vascular attachment to the tapering 
body of the pancreas. If it had arisen nearer 
the head of the gland, the simpler tech- 
nique might not have been applicable. 
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SACROCOCCYGEAL TERATOMATA IN THE NEWBORN 


H. A. McKnicut, F.A.C.s. 


SPRINGFIELD, OHIO 


posed of many different types of 

tissue; there is found in them fetal 
nerve tissue with ganglion cells, remains of 
the central canal, choroid plexus, epi- 
dermis, smooth and striated muscle, bron- 
chial segments, intestines, liver, suprarenals, 
fibrous connective tissue, mucosa, cartilage 
and bone. Congenital postsacral teratomas 
usually contain a preponderance of nerve 
tissue, so that rests of the neural layer have 
been considered as the source of these 
tumors. 

The tumor is usually a benign growth. 
The degree of cell differentiation is impor- 
tant in the consideration of malignancy, as 
the more the cells approach the adult type, 
as in the formation of glands and of organs, 
the less is the possibility of malignancy. 
Gross clinical evidence of adult tissue is 
indicated by muscle twitchings or peri- 
stalsis in the tumor or the demonstration of 
bone tissue. Teratomas found anterior to 
the sacrum and posterior to the rectum do 
become malignant. 

Stewart, Alter and Craig reported a 
tumor which was anterior to the sacrum, in 
a boy of 2 years and 11 months, which 
metastasized to the liver, lungs and 
regional lymph nodes. Parin reported six 
cases undergoing malignant degeneration 
with metastases, and deVeer and Browder 
reported one case. Renner and Goodsit also 
reported a case of malignant teratoma 
anterior to the sacrum following the re- 
moval of a postsacral teratoma. 

These tumors vary greatly in size. They 
may be anterior to the sacrum and entirely 
Intrapelvic, or they may present a huge 
external mass as large as the infant’s head 
externally and dorsal to the sacrum and 
coccyx. They are found most frequently in 
females. Galbert estimates that they occur 
Once in 34,582 births; Ewing states that 


tumors are com- 


one-third of the fetuses with sacrococcygeal 
teratoid tumors are born dead, while go per 
cent of the others die soon after birth. 

These tumors contain both cystic and 
solid elements, and may increase in size 
very rapidly in the first months of life. This 
rapid increase in size, according to Hans- 
mann and Berne, is not to be taken as a 
sign of malignancy but as a growth of the 
tumor parallelling the infant’s growth. 

The following is a report of teratoma in a 
newborn, with complete removal of the 
tumor on the fourth day of life, in which 
recovery followed. 


The baby was admitted to the Springfield 
City Hospital one hour after birth. The mother, 
aged 20, was a primipara, in whose family 
twins were common. She had noticed during 
her pregnancy a large mass in the upper right 
zone of the abdomen. Labor was slow; after the 
head and shoulders were delivered all further - 
progress ceased and traction proved futile. On 
palpation an obstructing mass was discovered. 
The infant was finally delivered by introducing 
the hand along the posterior wall of the vagina 
over the baby’s buttocks and flexing the baby 
over the mother’s abdomen. 

The infant was normal except for a solid and 
cystic tumor mass attached to the sacrum, 
measuring about 15 cm. in diameter. This mass 
extended laterally under the gluteal muscles 
almost to the trochanters. The skin over the 
mass was greatly thinned; the capillaries in 
the skin were injected in the upper portion of 
the tumor and this area was dark red in color. 
No pulsations or change in size were noted 
when the child’s position was changed. The 
tumor extended farther on the right side than 
on the left, and over this area there were 
constant muscular twitchings. The lower ex- 
tremities were normal and reacted to sensory 
stimull. 

The blood count was normal: red cells 
2,700,000; hemoglobin 58; leucocytes 7,000 and 
polymorphonuclears 32 per cent. 
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X-ray examination with a catheter in the 
rectum showed no communication between the 
rectum and the tumor, although the mass 


1. Section showing some of tissues in 
Note cartilage, pseudostratified 


Fic. 
bronchi. 
ciliated “respiratory” epithelium and mucus 
glands. (X 250.) 


appeared to be adherent to the posterior rectal 
wall. Many small dense masses were visualized 
within the tumor. 

Due to the fact that the skin over the vertex 
of the mass showed signs of breaking down, 
operation was performed on the fourth day of 
life. An oval incision was made about the base 
of the tumor. The skin was easily separated 
from many dark colored cysts which made 
up the upper part of the mass. The lower solid 
portion of the tumor was dissected from the 
rectum and, with some fibers of the gluteus 
maximus muscles, was removed. There was 
very little bleeding, but the child was shocked. 
Transfusion was done on the table. The wound 
healed without infection. 

The specimen weighed 502 gm. and after 
partial removal of fluid from the tumor, a 
decrease of weight of 182 gm. was noticed. 
Three different tumors were present, the 
largest the size of a large grapefruit of distinct 
nodular structure. The covering skin measured 
12 by 4 cm. The skin was closely adherent to 
the tumor and was not movable over the mass. 
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Several different masses, containing nodes of 
similar structure were observed. Many smaller 
noduli and many cysts contained water-clear 


Fic. 2. Area of teratoma showing mixture of types 
of epithelium and connective tissue. Small 
island of hyalin cartilage, stratified ciliated 
columnar epithelium, tall columnar epithe- 
lium containing mucus and small mucous 
glands resembling those seen in bronchi. There 
are numerous smooth muscle fibers in a loose 
connective tissue stroma. There are numerous 
dilated lymph spaces. (X 75.) 


and yellowish-white turbid fluids. After re- 
moval of the fluid the tumors presented a 
honeycomb appearance. Other nodes of differ- 
ent gross appearance showed cartilage, con- 
nective tissue and a substance which resembled 
brain tissue. 

Microscopic examination showed several 
different types of tissue. Bronchial structures, 
such as cartilage, pseudostratified ciliated 
“respiratory” epithelium, and mucus glands, 
were noted; brain, adipose and fibrous con- 
nective tissues with striated muscle fibers were 
also found. The predominant material present 
was brain tissue with smooth muscle fibers 
running through it. Brain surrounded by heavy 
deposits of melanin was found in some sections. 
One area showed choroid plexus with columnar 
epithelium lining a small cyst. Many mixed 
types of epithelium and connective tissue were 
also present. Rindfleisch has aptly called these 
tumors a histologic pot-pourrt. 


According to H. W. Hundling a number 
of developmental errors account for these 
tumors. “‘It is in this area that the caudal 
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termination of the primitive streak should 
most accurately attain its evolution and 
involution, the neurenteric canal develop 
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After the third month the ieiehaal 
column is longer than the cord and the 
caudal end of the cord is drawn upward. 
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Fic. 3. Photographs of subject. 


and disappear, the anus complete the 
intestinal tube, the posterior fissure prop- 
erly close, the coccyx and sacrum develop, 
and the inferior extremities adapt them- 
selves to the trunk. During the third month 
of fetal life the neural tube extends to the 
end of the vertebral canal and into the tail 
bud. The spinal canal, developing faster 
than the soft parts, draws along the neural 
tube adherent to it. The coccygeal portion 
of the neural tube is bent into a loop of 
which the deeply situated limb is attached 
to the posterior surface of the coccyx, while 
the superficial one assumes a more dorsal 
position. This deep limb disappears at four 
months and the superficial one continues to 
develop. The spinal chorda and the meso- 
derm develop at the same rate. The tail bud 
is reduced with a reduction of the meso- 
derm. The spinal cord is now longer than 
the vertebral column.” 


“While the endoderm is forming the 
caudal intestine, the dorsal canal and dorsal 
cord, the mesoderm, the connective tissue, 
blood vessels, vertebra and muscles, and 
the ectoderm is forming the primitive 
streak, the medullary tube and its vestiges, 
there is a continuation between the central 
canal of the spinal cord and the primitive 
alimentary canal around the caudal ex- 
tremity of the notocord known as the 
neurenteric canal. When the proctodeum 
or primitive anus, invaginates to form part 
of the cloacal chamber, it meets the gut 
anterior and above where the neurenteric 
canal opens into it, hence there is for a time 
a segment of intestine behind the anus 
termed the postanal gut.” 

From this complicated fetal develop- 
ment and recession of the different tissues 
many theories have arisen as to the origin 
of sacrococcygeal tumors. Their early 
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development is fairly definite proof of 
their relationship to embryologic processes. 
Hansmann and Berne think the embryo- 


Fic. 4. Area of choroid plexus. Note single 
layer of cuboidal cells and preponderance 
of nervous tissue elements. (X 375.) 


logic structures occurring in this region, in 
the hindgut, proctodeal membrane, and in 
the neurenteric canal, are sufficient to 
account for the varying types of tissue in 
these tumors. According to Ewing, al- 
though some of the tumors may with 
considerable certainty be referred to a 
single embryonal structure, the majority 
are more complex and probably involve 
more than one of these embryonal rem- 
nants and some additional anomalies of 
development. 

Tumors of the Iumbosacral region, ac- 
cording to Middledorph, Ristchl and Nasse, 
are due to proliferation of the remains of 
the neurenteric canal, hindgut and medul- 
lary canal in association with ectodermal 
and mesodermal inclusions. Middledorph 
was the first to ascribe their origin to the 
postanal gut. Grosser, Lewis and McMur- 
rick also think the neurenteric canal, the 
postanal gut or the neural canal is the 
source of these tumors. 
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Teratomata may possibly arise from 
parthenogenetically developing sex cells, 
This modification of the old bigerminal 


Fic. 5. Cartilage, smooth muscle, transitional 
epithelium and tall columnar epithelium con- 
taining mucin. Brain tissue is again seen in 
the stroma. (X 100.) 


theory has been given much support by 
Bosaeus in his work on the origin of ovarian 
embryomata. 

MacCallum believes that teratomatous 
tumors in the sacrococcygeal region, which 
approach the complexity of twin inclusions, 
are best explained as originating from an 
isolated blastomere with varying potential- 
ities. He states: “A teratoma resulting 
from parthenogenetic development of a sex 
cell would be of the nature of an offspring, 
while one derived from an isolated blasto- 
mere would be of the same generation as 
the host, a twin.”’ The histogenesis of these 
tumors is usually considered to be inde- 
pendent development of a_ blastomere 
during segmentation of the ovum or the 
development of a misplaced ovum. In view 
of the constant position of these tumors it Is 
difficult to accept this explanation. 

Ziegler states: “If a teratoma can be 
found to contain very diverse tissue forma- 
tion which, at least in part, may be 
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identified as representing rudiments of 
organs which, however, are superfluous for 
the individual in whom they are found, we 
may consider such a tumor as a hetero- 
chthonous teratoma, or a bigerminal im- 
plantation that is a rudimentary twin. On 
the other hand, if the teratoma contains 
only diverse tissues and cysts whose pro- 
duction does not necessarily imply the 
existence of a second division, the tumor 
may be looked upon as an autochthonus 
teratoma or a nongerminal implantation.” 

The bigerminal implantation was held 
by Virchow, Ahlfeld and others, while 
Bonny and Bland-Sutton held to the 
theory of dichotomy of the fetal axis, or the 
suppressed fetus theory. Adami thought a 
growth of totipotential cells at the inferior 
growing point was the cause of teratomata, 
and Tourneux claimed their cause was 
a persistence the medullary coccygeal 
vestige. 

Theory after theory has thus been 
presented as to the causation of these 
tumors and no one has been universally 
accepted. It is the consensus of opinion that 
due to the complicated embryologic devel- 
opment of the lower axis of the body, 
tumors of various types of tissue are 
possible, but it is impossible to attribute 
the development of sacrococcygeal terato- 
mas to any one fetal structure. 

The treatment is surgical removal. How 
soon after birth the tumor should be 
removed depends on the condition of the 
skin, whether the growth is extra- or 
intrapelvic, and the rate of growth. These 
tumors may ulcerate through the skin by 
pressure necrosis and become infected; if 
they are intrapelvic they may, by their 
rapid growth, cause intestinal obstruction. 
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CONCLUSIONS 


1. A case is presented of sacrococcygeal 
teratoma in a newborn, with operation and 
recovery four days after birth. 

2. Many kinds of tissue, including brain, 
cartilage, muscle, bronchial, and glandular 
tissue were found in this tumor. 

3. Theories for the causation of these 
tumors have been reviewed. 

4. The treatment recommended is imme- 
diate surgical intervention. 
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A CASE OF PERITONITIS COMPLICATED BY PROGRESSIVE 
MUSCULAR DYSTROPHY* 


S. THomas GLASSER, M.D., C.M. 


Associate Surgeon, Neurological Hospital 


NEW YORK CITY 


HE symptomatology in this case of 

generalized peritonitis complicated by 

progressive muscular dystrophy is of 
particular interest in that the atrophy 
which involved both recti and other 
abdominal muscles, altered the clinical 
picture usually present in peritonitis. The 
points of interest were the absence of 
spasticity and rigidity which was accounted 
for at the time of operation and subsequent 
necropsy. This also explained the presence 
of the marked distention as a prominent 
symptom found at the time of examination. 


C. B., male, a farm hand, aged 31, was ad- 
mitted to the neurological ward in 1930. The 
following history was obtained at that time: 
At the age of 12, the patient had noticed wast- 
ing of the thenar muscles; the muscles of the 
arms and legs were normal. At the age of 17, 
he noticed marked wasting of the muscles of 
the upper extremities. Somewhat later, wasting 
started in the leg muscles and there was difli- 
culty in walking. After 1924, a gradual but 
progressive development of muscular weakness 
occurred. 

The patient was a 31 year old white male 
with wasted arm, scapular, trunk and thigh 
muscles. He went through complicated routine 
movements in getting into the sitting posture. 
His pupils reacted to light and accommoda- 
tion; the fundi were negative. Conjunctival 
and corneal reflexes were present, as was the 
pharyngeal. Deep reflexes were absent in the 
upper extremities. The abdominals were pres- 
ent, more active on the right. The cremasteric 
reflex was present and active, the patellar 
absent, and the Achilles present. Other path- 
ologic reflexes were not noted. No sensory dis- 
turbances were elicited. There was considerable 
atrophy of all the extremities, more marked 
in the upper. The characteristic winged 
scapulae and characteristic postures while 


attempting to rise were observed. Faradic 
responses were all present and speech was un- _ 
affected. The feet presented slight pes cavus, 

The family history was not contributory as 
the patient did not remember his parents. 

A juvenile type of progressive muscular 
dystrophy was diagnosed. 

On April 24, 1938, the patient was again 
seen. He had had diffuse abdominal pain with 
distention and eructations of two days’ dura- 
tion. The onset had occurred three days prior 
to admission, about one and one-half hours 
following a meal. The following morning he 
took some milk of magnesia. This was followed 
by a good bowel movement and some relief of 
pain. Later in the day, and especially the 
following day, the abdominal pain and general 
distress became unbearable and the patient 
consented to be admitted to the surgical ward. 

The patient, now 39, appeared acutely ill, 
with flushed and apprehensive face. The tongue 
was coated and dry. There was evident marked 
wasting of all the muscles of the extremities, 
chest and trunk. In order to allay pain, the 
patient lay quietly. His temperature was 103, 
pulse 95, respirations 20, blood pressure 
115/65. Heart and lungs appeared normal. 
There was marked rebound tenderness and 
distention of the abdomen and also complete 
absence of spasticity and rigidity. The presence * 
of peritonitis was apparent and immediate 
laparotomy was advised. However, the patient 
refused operation. 

The following morning the tongue was 
heavily coated and moist. The abdomen re- 
vealed a lack of rigidity throughout (muscular 
dystrophy); tenderness was generalized and 
rebound tenderness marked. The urine was 
negative. The white count 14,600, poly- 
morphonuclear leucocytes 83 per cent, lymph- 
ocytes 14 per cent, monocytes 2 per cent. Red 
cells numbered 3,200,000. Temperature was 
102.4, pulse 100, respirations 22. 


* From the Department of Surgery, Neurological Hospital, New York City. 
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The clinical picture was one of generalized 
peritonitis, distorted because of the presence of 
muscular dystrophy and the mentality of the 
patient. His apprehension bordered almost on 
panic and he had the mentality of a 10 year 
old. However, he finally gave his consent for an 
operation. 

Under gas-oxygen-ether anesthesia a lower 
right rectus incision was made. All abdominal 
muscles showed fibrosis and atrophy. The rec- 
tus muscles were represented by a fibromuscular 
band. Free seropurulent fluid exuded under 
pressure from the general peritoneal cavity. 
The appendix was found ruptured and gan- 
grenous, retrocecal, and bound down by a mass 
of adhesions. It was fragile and broke off in 
handling. The appendiceal stump was car- 
bolized and purse-stringed. The terminal ileum 
appeared markedly inflamed and the ileocecal 
valve almost occluded. A cecostomy tube was 
purse-stringed through the anterior band of the 
cecum and the tube fed through the ileocecal 
valve into the ileum for a distance of about 
8 inches. The cecum was sutured to parietal 
peritoneum and a Penrose drain was placed in 
the retrocecal fossa and pelvis. 

The postoperative diagnosis was: ruptured 
appendix, with ileitis and general peritonitis. 

On the first and second days after operation 
the patient’s general condition was apparently 
good; distention was absent and the tempera- 
ture was 101 degrees. On the third day marked 
distention appeared, with vomiting and ab- 
dominal tenderness. The cecostomy tube 
drained satisfactorily. Treatment for the peri- 
tonitis consisted of Wangensteen suction, seda- 
tion, and parenteral fluids. The general 
condition was slightly improved on the fourth 
day and continued fair for the following days. On 
the seventh day, the general condition appeared 
excellent—there was only slight distention and 
the cecostomy tube was draining. The eighth 
day showed a turn for the worse; greenish- 
black vomitus appeared, with moderate dis- 
tention and a fecal discharge around the 
cecostomy tube. On the tenth day, the cecos- 
tomy tube sloughed out; profuse drainage of 
fecal matter occurred through the cecostomy 
wound and through the lower angle of the 
incisional wound. Marked distention and 
tenderness, especially on the right side of the 
abdomen, was noticed. From the eleventh to 
the eighteenth day, the temperature ranged 
from 101 to 103 degrees. The general condition 
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showed a steady downward course. Consolida- 
tion in the left chest appeared on the eighteenth 
day, and on the ninteenth day the temperature 
was 105, the skin cold, clammy and cyanotic, 
the pulse thread-like, and labored respiration. 
Death followed. 

Autopsy. The body, that of a young man 
about 39 years of age, was poorly developed 
and poorly nourished. There was a considerable 
amount of post-mortem hypostasis, particularly 
over the back, neck and abdomen. There was no 
rigor mortis in any of the extremities. Bedsores 
were found over the sacral region and over the 
right thigh. The body was delicate stature, 
with only a slight amount of hair; the hair over 
the pubes assumed female distribution. 

The chest was flattened and its muscles 
markedly diminished in size and volume; 
the left anterior chest wall showed no pectoral 
muscle and the intercostals were atrophied. 
On the right side there remained a small 
amount of abdominal and chest muscle. Both 
Iungs showed numerous adhesions to the chest 
wall as well as to the diaphragm. An extensive 
pneumonic process was present throughout 
the left lung with irregular yellowish patches 
suggestive of pyemic foci. The right lung 
showed only congestion, some pneumonic 
infiltration and pulmonary edema. A necrotic 
area containing liquefied dark material, obvi- 
ously localized lung gangrene, had developed 
in the posterior axillary portion of the left lung. 

The abdominal wound from below the 
umbillicus to the level of the inferior spine of 
the ilium had raw, ununited edges, its surface 
being gangrenous and covered with greenish 
exudate. The abdominal muscles were prac- 
tically absent, so that the skin was the prom- 
inent layer of the abdominal wall. A large 
amount of pus was present in the peritoneal 
cavity, bounded by the right diaphragm and 
omentum. The small intestines were dilated, 
the loops of the ileum adherent to each other 
as well as to the abdominal wall and the right 
side of the abdomen. In the region of the cecum, 
loops of small intestines were matted together, 
encircling a pocket of pus; these loops were also 
adherent to the pelvic wall. One portion of 
ileum was necrotic. The cecum and ascending 
colon were involved in a suppurative process, 
the colon adherent to the duodenum, gall- 
bladder and liver, while the cecum was entirely 
gangrenous and adherent to the abdominal 
wall. A large amount of pus, particularly 
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inspissated, was found in the region of the 
cecum. The abdominal wall covering the region 
was entirely necrotic. The distal half of the 
transverse and descending colon were con- 
tracted and apparently not markedly involved 
in the gangrenous process. A few adhesions 
were found between the upper sigmoid and 
pelvic wall, while a large pocket of pus was 
present in the left pelvic fossa. On the posterior 
abdominal wall there were numerous greenish 
masses. 

The spleen, enlarged to twice normal size, 
was of soft consistency, hemorrhagic and 
bilobar, weighing 200 Gm. The left adrenal was 
decreased in size and appeared hemorrhagic on 
section. The right adrenal was somewhat de- 
creased in size but otherwise showed no marked 
abnormalities. The pancreas was of usual size 
and, on section, appeared degenerated. The 
liver was larger than normal, its diaphragmatic 
surface showing an area about 10 cm. in 
diameter covered with yellow exudate, due to 
the accumulation of pus between the diaphragm 
and the dome of the liver. The gall-bladder was 
distended and covered by omental adhesions 
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due to the infectious process in the peritoneum. 
It contained thick bile but no stones. 

The muscles of the extremities appeared 
markedly atrophic, particularly those of the 
upper extremities. The muscles of the hand 
were all decreased in volume. 

The pathological diagnosis was: (1) muscular 
dystrophy (facioscapulohumeral type); (2) 
acute gangrenous appendicitis; (3) acute peri- 
tonitis; (4) sepsis; (4) acute inflammation of 
ileum and cecum; (6) lobular pneumonia and 
pyemic abscesses of lung; (7) acute parenchy- 
matous degeneration of internal organs. 


SUMMARY 


The absence of abdominal musculature 
due to progressive muscular dystrophy 
disguised the symptomatology in this case 
of ruptured appendicitis with peritonitis. 
The lack of spasticity and rigidity was 
accounted for by the absence of the ab- 
dominal musculature. The possibilities of 
symptoms being masked in other neurologi- 
cal diseases complicated by the acute 
abdomen, must be kept in mind. 
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ANGIOBLASTIC SARCOMA OF LIP* 


W. F. GEMMILL, M.D., F.A.C.S. 


Visiting Surgeon and Chief of Gynecologic Out-Patient 
: Department, York Hospital 


AND 


Lewis C. Puscn, M.D. 
Pathologist, York Hospital 


YORK, PENNSYLVANIA 


ARCINOMA of the lip is of relatively 
L, frequent occurrence, but sarcoma is 
a rare form of malignancy to affect 
this organ. Tibor De Cholnoky,!' in 1934, 
reported four cases of sarcoma of the lip 
and from the literature gleaned only 
twenty cases described, quoted or men- 
tioned, the records of all but five of which 
were incomplete from either a clinical or a 
pathologic standpoint. Most of the patients 
were senescent, although one was a child 
114 years old. The stated duration of the 
lesion varied from a few weeks to several 
months. There was a history of trauma in 
only one case. 

The lesions varied from a few millimeters 
to several centimeters in diameter, were 
reddish-blue or deep red in color, bled 
easily and had a smooth or more or less 
lobulated surface which proceeded to 
ulceration. Histologically the lesions were 
classified as spindle-cell, round-cell and 
mixed-cell sarcomas, lymphangiosarcoma, 
neurogenic sarcoma and melanosarcoma; 
spindle-cell types predominated. Metas- 
tases occurred in two cases. 

Wide surgical excision of the primary 
lesion was the predominant mode of treat- 
ment. Irradiation was less effective. Two 
patients died within a few months from 
generalized sarcomatosis. Cholnoky’s cases 
were symptom-free six, six and eight 
months, and four years, respectively, after 
operation. In three of these four cases 
dissection of regional lymph nodes accom- 
panied wide local excision of the lesion, 
while the lesion occurring on the upper lip 
was removed by electro-coagulation. 

Cholnoky stated that there were two 
cases of sarcoma of the lip reported from 
the Gottingen Pathologic Institute among 


1,248 cases of sarcoma of all anatomic 
locations. Sarcoma of the lip was not 
mentioned in Simmons’s? series of 177 cases 
of sarcoma of the soft parts, in the review of 
tumors of connective tissue by Geschickter 
and Lewis* or in that of tumors of blood 
vessels by Geschickter and Keasbey.‘ 
Freilich and Coe, in 1936, reported a case 
of angiosarcoma of the scapula and found 
twenty-nine cases of angiosarcoma re- 
corded in the literature since 1918; reports 
of twenty-six of these were available; one 
of the twenty-six, that of M. Prati (1931) 
was primary in the lip; two were primary 
in the tongue. In the York Hospital from 
1932 to 1935 there were 9,110 adult 
admissions (1,740 of these were maternity 
cases); in this period there was only one 
case of sarcoma of the lip—the one herein 
reported. 


CASE REPORT 


T. F., male, white, 53 years of age, was 
admitted June 16, 19345 with the complaint of 
a bleeding and painful lower lip. In April, he 
had been struck on the lower lip by a small 
stone while at work. The lip became swollen 
and a “‘blood blister” formed. The area did not 
heal but gradually enlarged and began to 
slough and bleed slightly. About four weeks 
before admission to the hospital the growth 
became painful to move, and sometimes it 
bled profusely. The family history was irrele- 
vant. He was not a pipe smoker, nor had he 
ever been troubled with any ulceration, crack 
or sore on the lip prior to the trauma. 

The physical examination revealed nothing 
remarkable, except the lesion of the lip. This 
covered an area about the size of a quarter 
dollar on the vermillion border of the lower lip, 
to the left of the midline, and protruded out- 
ward for at least 14 inch. It was of a lobulated 


* From the Departments of Surgery and Pathology, York Hospital. 
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fungoid type, with a comparatively constricted 
base. The surface was fairly smooth, darker red 
at various places, and oozed blood. The super- 


Fic. 1. Appearance of patient after resection of 

lip. A large metastatic tumor of the neck, of 

approximately four months’ duration, is seen. 
No recurrence at operative site. 


ficial tissues were somewhat necrotic and 
sloughing. The regional lymph nodes were not 
palpably involved. There was a secondary 
anemia of moderate degree. The Kahn test 
was negative. 

Removal of the growth and cheiloplasty were 
performed on June 17, 1935. A V-shaped inci- 
sion was made in the lower lip, allowing 
approximately 2 cm. of lip tissue on either side 
of the growth. The left arm of the V began 
close to the left commissure, meeting the right 
arm of the V well over the mental region. These 
incisions sloped slightly from the skin toward 
the mucous membrane of the buccal surface, 
thereby giving greater thickness and insuring 
better healing and less thinning of the scar. 
Blair’s lip clamps were applied on either side in 
order to control bleeding without excessive 
vessel ligation. The left commissure was then 
incised horizontally and a Bernard triangle was 
dissected from the upper lip, following the 
nasolabial crease and utilizing the mucous 
membrane of the back of the triangle for the 
vermilion border. In performing the cheilo- 
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plasty the skin sutures were placed first and 
superficially, but on the gingival side the 
sutures were placed deeply and made to include 
the fibers of the orbicularis oris, as in the repair 
of an anterior alveolar cleft. Oral hygiene was 
instituted before the operation and continued 
after the operation, including a sterile diet for 
the first forty-eight hours. 

The tissue removed at operation was received 
in the [aboratory in a solution of formaldehyde, 
It consisted of a wedge-shaped portion of lip, 
2.5 by 2.0 by 1.5 cm., to the mucocutaneous 
margin of which was attached a pedunculated, 
fungoid, reddish-brown mass, not unlike a 
mushroom in size and shape, 2.5 cm. in diam- 
eter and 1.5 cm. thick. The outer surface was 
lobulated and ulcerated, largely covered with 
coagulated blood. Except for this coagulated 
blood the cut surface revealed a relatively 
homogeneous, solid, gray structure, poorly 
demarcated from the underlying tissues of the 
lip, at the ill-defined junction with which 
hemorrhage into the tissue was seen. The 
diameter of this junction was I cm., constitut- 
ing a potential pedicle without appreciable 
length, the periphery of the mass overhanging 
and resting on the cutaneous and mucous 
surfaces of the lip. 

Microscopically a rather densely cellular 
neoplasm composed of a matrix of pleomorphic 
cells supporting numerous vascular channels 
was seen. These vascular channels in sections 
were devoid of contents and for the most part 
did not have a definite wall, except that im- 
parted by the bordering pleomorphic cells. 
These cells were fusiform, round, ovoid and 
polyhedral in shape. Those irregularly of fusi- 
form shape predominated; some had a narrow 
elongated process; an occasional cell of stellate 
shape was seen. Cytoplasm and cellular proc- 
esses everywhere were acidophilic. Nuclear 
variation in size, shape and chromatin content 
was a conspicuous feature. Many nuclei were 
strikingly hyperchromatic. The nuclei of the 
more differentiated cells were ovoid in shape, 
moderately pale and had an evenly distributed 
finely divided chromatin network. Nucleoli 
nowhere were prominent. There were a large 
number of mitotic figures. 

The diffuse arrangement of the neoplastic 
cells, their lack of any definite grouping, the 
predominance of those irregularly of fusiform 
shape with nuclei having obscure nucleoli were 
features characteristic of sarcoma and _ not 
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characteristic of carcinoma. The inclusion of 
numerous apparently vascular channels, Jined 
by neoplastic cells, indicated an origin from 
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rhage were noted on May 21, 1936. He was 
very weak and markedly emaciated. Death 
occurred on June 5, 1936. 


Fic. 2. Low power photomicrograph of tumor of lip. The diffuse heterogeneous 
arrangement of the neoplastic cells, among which ramify vascular channels, 


is seen. 


vessel walls. The neoplasm was interpreted to 
represent the malignant counterpart of benign 
angioma, of which the lip constitutes a common 
site of occurrence, in other words, angioblastic 
sarcoma. The structure in this case did not 
permit of differentiation between lymphatic 
and hemic vascular origin. 

Histologically the degree of malignancy was 
relatively high, 3 to 4, if all sarcomata are 
classified into four groups for purposes of 
histologic prognosis, based chiefly on cellularity 
and anaplasia. According to criteria and 
terminology used by one of us® the malignancy 
index would be 4. 

Course after Operation. The surgical wound 
healed and the patient was discharged from the 
hospital on June 26, 1935. The following 
October, he noticed a tumor of the left side of 
the neck. It was of subcutaneous location and 
increased in size gradually but rapidly. The 
patient was readmitted to the hospital on 
May 17, 1936 at which time a semisolid mass 
the size of a large grapefruit protruded from 
the left side of the neck, also overlying the 
mandible. Ulceration, sloughing and hemor- 


During the period of rapid growth of this mass 
the patient had received Roentgen ray therapy 
without evident effect, a total of 1600 R. being 
distributed in divided doses from February 12 
to March 23, 1936. 

Autopsy. Extreme degrees of emaciation 
and dehydration were noted at autopsy. Most 
of the bones of the skeleton were clearly 
outlined. 

A soft subcutaneous mass, 15 by 12 by 6cm., 
extended from the left mastoid process to the 
midline of the neck anteriorly, and from the 
temple to a point 2 cm. above the clavicle. 
The lower portion, somewhat pendulous, over- 
hung the clavicle. The convexity of the mass 
consisted of a nearly circular ulcerated crater, 
II cm. in diameter, which was filled with soft, 
spongy, gray and red tissue, in part semifluid, 
from which blood dropped freely on manipula- 
tion. The fingers could be introduced readily 
into crevices between the soft masses occupying 
the crater to a depth of 5 cm. 

Dissection of the neck disclosed an invasive 
strand of neoplastic tissue, soft and grayish- 
white, resembling cerebral cortex, about 5 mm. 
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in diameter, extending from the mass along 
fascial planes downward, disappearing beneath 
the manubrium and clavicle. It apparently 
ended there as no intrathoracic extension could 
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COMMENT 


The terminology employed in the classi- 
fication of neoplasms varies considerably, 


Fic. 3. High power of the tumor of the lip. Pleomorphism, mitosis, 
and the relationship of the cells to vascular channels are more clearly depicted. 


be traced. Tumor thrombi filled and distended 
the lumen of the external jugular vein to a 
diameter of 15 mm., but were not found in the 
subclavian and innominate veins or in the vena 
cava. The mandible was intact to palpation. 
No intraoral extension of the mass could be 
found nor any distortion or ulceration of the 
mucous membrane. 

A wedge-shaped area of gray and hemor- 
rhagic infarction, 2 cm. in diameter, was found 
at the base of the lower lobe of the right lung. 
A white tumor thrombus filled the axial blood 
vessel leading to the area. Except for broncho- 
pneumonia of the lower lobe of the left lung, 
the autopsy revealed nothing further of note. 
No metastases other than that of the right lung 
could be found. 

Microscopic studies revealed that the neo- 
plastic tissue occupying the external jugular 
vein and the pulmonary arterial branch had a 
sarcomatous structure similar to that of the 
tumor removed from the lower lip in June, 1935. 


rendering comparisons difficult. Sometimes 
bases of histogenesis and of morphology 
irrespective of histogenesis are used inter- 
changeably in the same series, with the 
result that two or more instances of a given 
type of tumor are recorded under different 
designations, giving the impression that 
different types of neoplasms are referred to. 
For example, a “‘spindle-cell”’ sarcoma may 
well be a “neurogenic” sarcoma as well as 
one of fascial, vascular or osseous origin. 
One would believe angiosarcoma or angio- 
blastic sarcoma to be a form rarely as- 
sumed by sarcoma of the lip, as judged by 
case reports. Yet Cases 1 and m1 of 
Cholnoky’s paper, classified as spindle-cell 
sarcomas, and perhaps Case 1, reported as 
round-cell sarcoma, have angioblastic fea- 
tures, as portrayed by the photomicro- 
graphs. Since angiomas scarcely are rare 
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among the benign lesions of the lip, one 
might expect that the malignant counter- 
part of these lesions would be encountered 
occasionally. 

The resistance of this lesion to irradia- 
tion is manifest in that the tumor of the 
neck continued to grow rapidly during the 
course of radiotherapy and to the end of 
life, as if stimulated by it. 


SUMMARY 


A case of sarcoma of the lower lip is 
reported in a man 53 years old. The lesion 
was removed surgically two months after it 
was first noticed. Cervical metastasis 
appeared four months later, without recur- 
rence at the operative site. In the course of 
the ensuing eight months this metastatic 
mass attained a diameter of 15 cm., and the 
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overlying skin sloughed away, leaving a 
wide, deep, bleeding crater. Neoplastic 
thrombosis of the left external jugular vein 
and pulmonary metastases were found at 
autopsy. Death occurred fourteen months 
after the. primary lesion was noticed and 
eight months after metastasis became 
manifest. Deep Roentgenray therapy was 
without: apparent effect on the growth of 
the mexastatic cervical mass. 
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BILIARY PERITONITIS WITHOUT PERFORATION AS A 
CLINICAL ENTITY 
H. F. PoHLMANN, M.D., F.A.C.S. 


Associate Surgeon, Elizabeth A. Horton Memorial Hospital; Consulting Surgeon, Middletown State Homeopathic, 
St. Anthony’s and Monticello Hospitals 


MIDDLETOWN, NEW YORK 


CASE of peritonitis of biliary origin 
without a perforation either of the 
gall-bladder or ducts seems worth 

recording, with a brief review of the 
literature. 


CASE REPORT 


The patient, a male of 38, reported on June 
28, 1937, that for one month he had had irregu- 
lar attacks of abdominal pain with no localiza- 
tion, nausea, vomiting or jaundice. His bowels 
were normal and the distress was not related 
to his meals. 

On June 27, at 8 p.m. he had a sudden severe 
attack of excruciating pain in the mid-epi- 
gastrium. The severity of the pain, the shock, 
and the absence of other symptoms simulated 
coronary occlusion. One-half grain of morphine 
was administered, but gave no relief. After the 
hypodermic of morphine the patient vomited 
once. Eighteen hours after onset the pain 
radiated to the right lower quadrant and the 
patient was admitted to the hospital. He was 
then acutely ill, with severe epigastric distress 
and pain in the right lower quadrant. The 
abdomen was tender throughout with rebound 
tenderness most acute high in the right lower 
quadrant. There was no jaundice. 

The temperature (rectal) was 101.4, the 
pulse 85, respirations 22, and blood pressure 
140/90. The red blood cells numbered 5,050,- 
000; hemoglobin was 100 per cent. The white 
blood cells were 12,700, with 78 per cent polys, 
2 per cent eosinophiles, 11 per cent small 
lymphocytes and g per cent monocytes. 
Nuclear index was 3.2. Urine examination was 
negative; but the specimen was not examined 
for bile. 

Acute appendicitis with peritonitis was 
diagnosed. 

At operation 814 ounces of dark brown fluid 
were found throughout the abdomen, but 
especially in the right lower quadrant, with 
greenish fibrin on the bowel. This suggested 
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a ruptured ulcer, but palpation revealed an 
enlarged tense gall-bladder not surrounded by 
adhesions or omentum. The gall-bladder was 
dark, cylindrical and tense. There were no 
stones palpable nor was there any evidence of 
perforation. The cystic and common ducts 
were palpable, enlarged and indurated. The 
stomach and the duodenum were normal. The 
cystic duct was isolated and clamped near 
the common duct; it was found to be completely 
occluded with mushy material. Aspiration 
of the common duct produced dark bile; it was 
opened, irrigated with a catheter to the duo- 
denum, and drained. The gall-bladder and 
appendix were removed. 

Clinical and pathologic examination of gall- 
bladder and cystic duct revealed no perforation. 

The gall-bladder measured 11 by 2.5 cm. 
and was covered with fibrinous purulent exu- 
date. It was filled with a mushy, greenish, soft 
mass, with innumerable mulberry-like calculi. 
The mucous membrane was irregularly marked 
by areas of atrophic mucosa. The wall varied 
from 1 to 6 or 7 mm. and had the appearance 
of a chronic inflammatory process with acute 
inflammation. The appendix was grossly normal. 

Microscopic examination of the gall-bladder 
showed a markedly thickened wall, with 
hyperemia and infiltration with polymorpho- 
nuclear leucocytes—a definite active infection 
probably grafted on an old process. 

The patient made an uneventful recovery 
and was discharged on the eighteenth day after 
operation. Slight drainage persisted. 


Clairmont and von Haberer,* Buchanan,° 
Tormey,!! and Stenson!® have reported 
similar cases and in each of these the 
clinician considered the fluid as bile. No 
perforation was demonstrated, although in 
no case has the fluid been examined chemi- 
cally or bacteriologically and only in autop- 
sied cases has it been possible to examine 
the entire biliary tract for perforation. 
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The appearance of the fluid is different 
from that of biliary ascitic fluid found in 
many other conditions. The absence of 
perforation seems substantiated in that 
most ruptured gall-bladders are localized 
and walled off. Wesson and Montgomery, 
in sixteen cases of gall-bladder rupture, 
did not find generalized peritonitis in any 
at the time of operation. 

Theories offered regarding the origin of 
the fluid include: filtration through the 
gall-bladder and bile ducts due to some 
undemonstrable pathologic change in their 
walls; action of pancreatic juice making 
the wall permeable;? microscopic perfora- 
tion with rupture of gall-bladder sub- 
sequently healed; rupture of intrahepatic 
bile canal; postperitoneal rupture of per- 
foration of the common or hepatic duct. 

Mentzer,® from a report of traumatic 
cases, concludes that sterile bile has not 
been proved to be a cause of death. He feels 
that death is due to pyogenic rather than 
chemical peritonitis when it occurs. 

Harkins* produced bile peritonitis experi- 
mentally with ligation of the common 
duct and defundation of the gall-bladder. 
Two injected dogs died; three treated by 
aspiration also died. Harkins concludes 
that rapid death in bile peritonitis is due 
to shock, blood pressure fall and de- 
crease in blood volume and increase in 
concentration. 

Andrews and Henry! suggest that bac- 
teria may play but a secondary réle 
in disease of the gall-bladder and that 
other possible factors—mechanical, vascu- 
lar, toxic and chemical—deserve more 
careful study. 

Ravdin, Morrison and Smith® attempt 
to prove that bile ascitic fluid is relatively 
innocous because of low bile salt content. 
Whole bile injected into the dog produces 
death. They feel, therefore, that in bile 
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peritonitis there must be an opening with 
direct communication with the biliary 
passages. Bacteria cannot be demonstrated 
as easily, even in pathologic gall-bladders, 
as they can be in normal intestine.*'7"! 


CONCLUSIONS 


1. Biliary peritonitis without perforation 
is believed to occur. 

2. Experimental work does not sub- 
stantiate it, however. The conditions in the 
human cannot be duplicated. 

3. If fluid from the abdominal cavity 
and gall-bladder could be analyzed chemi- 
cally and bacteriologically; and if these 
studies were correlated with pathologic 
examination of the gall-bladder, valuable 
data might be obtained. However, usually 
these patients are desperately ill and the 
efforts to save life overshadow the urge for 
experimental investigation. 

4. If the patient’s condition warrants it, 
the common duct should be drained. 
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AVULSION FRACTURE OF THE LESSER FEMORAL 
TROCHANTER 


Vorct Mooney, M.D. 


PITTSBURGH, PENNSYLVANIA 


HE avulsion of the lesser femoral tro- 
chanter because of muscular violence 
is not a common fracture. According 
to McEachern and Jennings! (1931), there 


showing avulsion 


Roentgenogram 
fracture of the lesser femoral trochanter. 


(Case 1.) 


Hic. 


have been forty-eight reported cases in 
the literature. Since that time, seven addi- 
tional cases have been recorded, bringing 
the total to fifty-seven, including the two 
cases reported below. 


Case 1. J. S., a white boy, age 13, on 
November 24, 1937, complained of pain in the 
left hip and groin. He gave a history of sliding 
along on ice when suddenly he was seized with 
severe pain and fell down. He was carried home 
and subsequently sent to the hospital. 

1 McEacuerwn, J. S., and JENNiNnGs, H. N. Avulsion 
of the lesser trochanter of the femur. Canad. M. A. J., 
25: 449-450 (Oct.) 1931. 


The pain in the left hip, the incapacity of 
the left leg and the x-ray film demonstrated 
an avulsion fracture of the lesser femoral 
trochanter. 


Fic. 2. Roentgenogram of the fracture three 
months after the injury. (Case 1.) 


Operation is not necessary in these cases. A 
plaster of Paris hip spica was applied with the 
knee flexed. The thigh was held in go degrees 
flexion, adducted and slightly internally ro- 
tated. After two weeks’ hospitalization the 
patient was discharged with crutches. Six weeks 
after the accident the cast was removed. The 
result was excellent. 

Case. A. R., colored, age 11, came under 
my observation September 25, 1938. There 
was a history of sudden severe pain in the right 
leg while running. This patient also was treated 
by means of a hip spica, leaving the hospital 
five days later, and making an uneventful 
recovery. 
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NEW INSTRUMENTS 


A RUBBER-DAM COLOSTOMY MAT 


GeorG*; I. IsRAEL, M.D. 


Proctologist, National Stomach Hospital; Assistant Proctologist, Jewish Hospital; Instructor, Daniel Baugh 
Institute of Anatomy, Jefferson Medical College 


PHILADELPHIA, PENNSYLVANIA 


OLLOWING the operative procedure 
of the formation of a colostomy, as 
part of a resection of the rectum, as a 


Fic. 1. Colostomy mat before using. 


permanent double-barrelled colostomy, or 
as a palliative Mikulicz operation, the 
clamp is usually removed in forty-eight 
hours postoperatively. At this time a 
psychic depression unfortunately occurs in 
most of the patients. 

Any procedure which prevents the super- 
imposed burden of a wound infection 
during postoperative convalescence is to be 
sought for. A simple device is presented to 
be used in the postoperative colostomy 
training until after the stitches have been 
removed and the wound has healed. The 
colostomy stump should purposely be left 


11¢ inches long; after the wound has healed 
ane edema has resolved, it should then be 
cut down to 44 inch above the skin line. 
This usually can be done at the end of the 
second week. 

A piece of measured tonsil snare wire is 
placed around the periphery of a circular 
sheet of rubber-dam, 10 inches in diameter. 
The edge of the rubber-dam is hemmed 
over the circular wire, giving us a rubber- 
dam mat. 

All dressings are removed from the 
wound at the time of removal of the clamp. 
If agglutination of the stump to the skin is 
satisfactory, the wound and sutures are 
painted with tincture of iodine and a strip 
of iodoform gauze 2 inches wide is placed 
on the suture line and a sterile dressing is 
added. One or two strips of wide vaseline 
gauze covers the sterile dressing except for 
the opening through which the colostomy 
stump protrudes. 

The sterilized mat (in alcohol) is then 
punctured in the center and the opening 
enlarged by traction, enough to enable the 
mat to be slipped over the colostomy 
stump and fit snugly. A 6 inch length of a 
half-inch strip of either iodoform gauze or 
vaseline gauze is wound around the base of 
the colostomy stump next to the rubber- 
dam mat. Additional layers of wide vaseline 
gauze are placed in coffer-dam arrangement 
to protect the colostomy. A drainage pad 
covers all the dressings. 

We prefer to initiate colostomy training 
by enema the foj[owing day and we repeat 
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the enema daily at the same time. This 
soon trains the lower part of the colon to 
evacuate itself completely only at the time 
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repeatedly after cleansing and sterilizing, 
until the slit becomes too large to fit 
snugly, when they can be discarded. 


Fic. 2. Colostomy mat in use. 


the enema is given. The disagreeable 
Incontinence is avoided. 

With each evacuation the rubber-dam 
mat with its fecal contents is lifted from 
the colostomy stump and after cleansing, 
the dressings and mat are replaced as de- 
scribed above. The abdomen is never soiled 
and the suture line is never contaminated. 

With adherence to details on the part of 
the attendants, all wounds heal by primary 
union. Three or four rubber-dam mats 
should always be on hand and may be used 


CONCLUSION 


1. Asimple device, a rubber-dam mat, Is 
presented to be used during postoperative 
training of the colostomy to insure primary 
healing of wound. 

2. It avoids general soiling. 

3. Confidence is established in the fact 
that there is no necessity for a colostomy 
bag. 

4. It is a psychic aid in the management 
of the depression which follows the forma- 
tion of an abdominal colostomy. 
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TRACTION ON THE ZYGOMATIC PROCESS FOR 
CERVICOVERTEBRAL INJURIES 


JoszrpH D. SELMo, M.D. 


MINNEAPOLIS, MINNESOTA 


N the past, traction for cervical injuries 
l by halters and various other methods 
by applying force under the chin or the 
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Fic. 1. Traction apparatus applied, showing 
relation of hook to zygomatic process. 


occiput have proved to be very uncom- 
fortable for the patient. Skeletal traction 
eliminates this disadvantage. 

The following apparatus may prove to 
be a better means of obtaining cervical 
traction, by making use of the zygomatic 
process on each side as an anchor post. 

The apparatus represents the acme of 
mechanical simplicity. It consists of two 
separable side blades with a quarter twist 
just below the middle of the blade. These 
two blades are held together at the top by a 
removable lock bolt. Fastened to the 
bottom of each blade is a rustproof round 
hook'with a square base wide enough so the 
outer prong does not compress the skin and 


soft tissue over the zygomatic process. 
Where it is feared this will not prove effec- 
tive, a flat hook 34¢ to 14 inch wide can be 
attached. The point of the inside prong or 
bar is made round and smooth, that no soft 
tissue Injury can be produced. The remov- 
able cross bar, which prevents the blades 
from spreading or coming together, is held 
in place by two removable bolts. All bolts 
have winged nuts to facilitate tightening. 

The method of inserting the hooks 
beneath the zygomatic process is simple. 
With the usual aseptic procedures, 2 per 
cent procaine is injected under the zygo- 
matic process at its midportion, just in 
front of the tubercle. The needle is then 
tilted up as much as possible and procaine 
injected along the inner surface of the 
process. A very small nick is made in the 
skin, enough to allow the hook to pass 
through. A button hooklike instrument 
with a round, smooth, dull point is then 
inserted and directed under and upward 
around the zygomatic process, always 
hugging the bone. This grooves a pathway 
for the hooks which are to follow. The same 
is done on the other side. The sterilized 
tractor hooks are then carefully inserted. 
The top bolt is then put on, followed by 
the cross bar which is adjusted so the inner 
post of the hooks are in immediate contact 
with the inner surface of the zygomatic 
process. The instrument is now set for 
traction. 

As no pin is drilled or set into the cortex 
of bone, there is less danger of osteo- 
myelitis, and because the traction hooks 
or bars are pulling on hard, undamaged 
bone there is less chance of bone erosion, 
loosening or cutting through as in the 
intra-Osseous pin or screw. 
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BOOKSHELF BROWSING 


SMOLLETT, LIND AND ANSON IN 1739 
THEIR COMMON CONTRIBUTION TO THE CONTROL OF SCURVY 


ELListON FARRELL, M.D. 


BROOKLYN, NEW YORK 


N 1739, just 200 years ago, England 
entered upon a period of warfare with 
Spain and France. Seventy-six years 
of intermittent conflict followed. How 
the ebbing power of Spain and the flood 
tide of French imperialism were stemmed, 
and how these empires surrendered vast 
tracts of their domains as the price of 
peace—these are the facts of history. 
England’s mastery at sea and economic 
strength at home won victories not to be 
bought by Spanish gold, victories of more 
enduring character than Napoleon’s bril- 
liant battles. The year 1739 was momen- 
tous in the history of the British Empire, 
for it was the year in which the birth pains 
of that empire set in. The political happen- 
ings culminated in the establishment of 
British rule over one-fourth of mankind. 
1739 was also a significant year in 
the history of medicine. Events in the 
lives of three men in that year led to 
man’s effectual control over the most 
dreaded of all old-time sea diseases, the 
scurvy. In 1739, three men, unknown to 
each other, made important changes in 
their lives, important for posterity. One 
went to London. One went to sea. One 
returned from the West Indies to take 
command of an expedition fitting out for 


the Far East. Their names were Tobias 
Smollett, James Lind and George Anson. 
Their achievements in the fields of English 
literature, medical science and navigation 
all contributed to the immense improve- 
ment in the health of seamen which fol- 
lowed mastery of scurvy in the British 
Royal Navy, a major triumph of eighteenth 
century medicine. 

England formally declared war against 
Spain October 23, 1739, but informal war 
had been in progress many years. Two 
hundred years ago, just as today, inter- 
national “incidents” had political value 
out of proportion to their probable authen- 
ticity. Whether or not that charming 
fellow, Juan de Leon Fandino, captain 
of His Catholic Mayjesty’s guardacostas 
in April, 1731, halted and boarded the 
Rebecca, brig, of Glasgow, bound from 
Jamaica to London, and whether or not 
Captain Fandino, in protest against an 
inhospitable reception, clipped an ear from 
Captain Jenkins’s head and made remarks 
derogatory to the British throne—even 
today no one can be sure. The fully 
established, more important fact is that 
in 1738 Captain Jenkins appeared before 
Parliament, told his story, offered his ear 
in evidence, and so excited public indigna- 
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tion that Walpole was reluctantly com- 
pelled to sanction measures of reprisal. 
In 1739 these measures led to open war, 
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the War of Jenkins’s Ear, as it was light- 
heartedly named. No substantial treaty of 
peace was to be written until 1815. Events 
of 1739 were a prelude to suffering and 
death in the steaming jungles of India, 
on the wooded slopes of America, on the 
sands of Egypt and on the heights of 
Quebec. Events of 1739 bred those of 1776, 
with Bunker Hill, Princeton, Saratoga 
and Valley Forge. But it was not on land 
but on sea that the fate of empires was 
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determined. The Board of Admiralty, in 
1739, had already drawn its plans. 

The scheme was olympian in scope. In 
the Caribbean, in the Pacific and in the 
South China Sea, attack was to be made 
on Spanish colonies whose remoteness 
hitherto had been their chief protection. 
Two of these three expeditions eventually 
set sail, the one to the Caribbean under 
Vice-Admiral Edward Vernon departing 
August 3, 1739. Admiral Vernon was on 
no mission of appeasement. His orders, 
dated July 19, 1739, three months before 
formal declaration of war, instructed him 
“‘to destroy the Spanish settlements in 
the West Indies and to distress their 
shipping by every method whatever.” 
That was undeclared war with grim ven- 
geance! Destined to serve under Admiral 
Vernon in the humble capacity of surgeon’s 
mate, was England’s greatest physician- 
novelist, Tobias Smollett, but in 1739 
he was unaware of that destiny. 

Tobias Smollett was born in the valley 
of Leven in Scotland in 1721. In 1736 he 
was apprenticed to Dr. John Gordon 
of Glasgow, where he was a fellow student 
of William Hunter. For three years he 
pursued his studies. Then, in 1739, came a 
momentous decision: he would go up to 
London, mecca of young Scotsmen on the 
make. Perhaps Smollett’s motives are 
revealed in the persuasive arguments 
addressed to Roderick Random by that 
worthy and vigorous surgeon, Mr. Launce- 
lot Crab: “I am surprised that a young 
fellow like you discovers no inclination to 
push his fortune in the world. Before I 
was of your age, I was broiling on the coast 
of Guinea. Damme! what’s to hinder you 
from profiting by the war, which will 
certainly be declared in a short time 
against Spain? You may easily get on 
board of a king’s ship in quality of sur- 
geon’s mate, where you will certainly see 
a good deal of practice, and stand a good 
chance of getting prize money.” 

It was the first day of November, 17309, 
when Roderick Random took his leave of 
Mr. Crab and set out with carriers bound 
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for Newcastle. The year is known to be 
that of Smollett’s London journey; no 
doubt the day and month are those given, 
and no doubt the inventory of Rory 
Random’s kit is the tally of Smollett’s 
worldly wealth at this important juncture 
in his career: ‘One suit of clothes, half a 
dozen of ruffled shirts, as many plain; two 
pairs of worsted, and the like number. of 
thread stockings; a case of pocket instru- 
ments, a small edition of Horace, Wise- 
man’s Surgery, and ten guineas in cash; 
for which Crab took my bond, bearing 5 
per cent interest.’’ One item known to be 
carried by Smollett is missing from the list: 
the manuscript of his first magnum opus, 
a tragedy, hopelessly bad, which he had 
written when he might better have been 
studying his Wiseman. 

It was in 1739 that Smollett made this 
important journey, and wh-n, in October, 
1740, Rear Admiral Sir Chaloner Ogle 
sailed for Jamaica with men and supplies 
for Admiral Vernon, one of his ships carried 
as surgeon’s second mate the raw young 
Scot whose immortal record of his experi- 
ences at sea took shape in 1748 as the first 
great English maritime novel, The Adven- 
tures of Roderick Random. 

Roderick Random was more than a 
narrative. In describing the cockpit, the 
sickbay, the rationing, the treatment of 
the sick and the squalor and horror below 
decks, Smollett revealed the appalling 
indifference of the Admiralty to the welfare 
of the men and the urgent need for hygienic 
reform. Sent out between the covers of a 
best seller, Smollett’s revelations had 
wider circulation than if they had been 
issued as a tract on naval hygiene, and they 
were more effective, because they were 
read. By exposing the crudities of naval 
hygiene in the blaze of his satire, Smollett 
made an important contribution to its 
ultimate amelioration. Good general hygi- 
ene is a most potent force in the control of 
scurvy. 

Smollett’s contribution to the control 
of scurvy by propaganda for the general 
improvement of naval hygiene was inci- 
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dental to his main purpose: to sell a 
novel. Another Scotsman was to have as 
his first aim, not the writing of a novel, 
but the composition of a volume on 
scurvy that would serve as a record of his 
observations and the observations of all 
earlier writers on the subject. That purpose 
had not been conceived in 1739, but in that 
year this other Scotsman, James Lind, 
went to sea, and out of his experiences 
there that purpose and its fruition came. 

James Lind was born in Edinburgh 
October 4, 1716. At the age of 15, he, 
like Smollett, was booked apprentice, 
Smollett worked three years for Dr. 
Gordon; Lind served Mr. George Lang- 
lands, surgeon, of Edinburgh, the full 
seven-year term. Then, in 1739, with little 
prospect of advancement in Edinburgh, for 
reasons perhaps resembling those which 
influenced Roderick Random, Lind went 
up for a surgeon’s mate’s warrant, received 
it, and embarked in one of His Majesty’s 
ships. 

Lind remained in the Royal Navy for 
nine years, whereas Smollett spent only 
two. By 1748, the year of Lind’s retirement, 
Smollett had been ashore six years; and 
had finished Roderick Random. Lind, too, 
had experiences to place on record, but 
not in the form of fiction. In 1753 appeared 
A Treatise of the Scurvy, a work that 
remains today an enduring monument to 
Lind’s fame, as important to science as 
Roderick Random is to literature. Lind 
sifted a kitchen midden of sea lore, medical 
dogma, false deduction and half expressed 
truth. Guided by his own observations and 
by his practical knowledge of the disease, 
he laid the sound foundations of modern 
diagnosis and treatment. He was not the 
first to propose the use of citrus fruit juices 
in treatment of scurvy (he stated himself 
that “their experienced virtues have stood 
the test of near 200 years’’) but he was 
the first to review as completely as he could 
all previous work on the subject and com- 
pare other authors’ conclusions with his 
own by the test of experimentation. After 
Lind, no further demonstration was needed 
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that orange and Iemon juice were superior 
to all other remedies in the treatment and 


prevention of scurvy. 


“On the 20th of May 1747, I took twelve 
patients in the scurvy, on board the Salisbury 
at sea. Their cases were as similar as I could 
have them. ... They lay together in one 
place, ... and had one diet common to 

“Two of these were ordered each a quart of 
cyder a-day. Two others took twenty-five 
gutts of elixir vitriol three times a-day .. . 
Two others took two spoonfuls of vinegar three 
times a-day . . . Two of the worst patients 

. were put under a course of sea water. 
Two others had each two oranges and one 
lemon given them every day. The two remain- 
ing patients, took the bigness of a nutmeg three 
times a-day, of an electuary . .. made of 
garlic, mustard-seed, rad. raphan, balsam of 
Peru, and gum myrrh. 

“The consequence was, that the most sud- 
den and visible good effects were perceived 
from the use of the oranges and lemons; one of 
those who had taken them, being at the end of 
six days fit for duty . . . The other was the 
best recovered of any in his condition; and 
being now deemed pretty well, was appointed 
nurse to the rest of the sick.” 


In medical literature there are few ex- 
periments more convincing than that one 
of Lind’s. Many years were to pass, and 
Lind himself was to be in his grave before 
the simple measures he proposed were to 
find favor with the august Lords of the 
Admiralty through the influence of Sir 
Gilbert Blane. When, in 1795, Lind’s 
observations were applied, and an order 
was given that lemon juice was to be 
issued daily on all ships after two weeks 
on salt meat, scurvy was banished from the 
British navy. 

The first edition of A Treatise of the 
Scurvy is dedicated to the Right Honorable 
George, Lord Anson “who, as a just 
reward for the great and signal services 
done to the British nation, does now preside 
over her naval affairs.” In the introduction 
Lind acknowledges that it was publica- 
tion of the account of Anson’s circum- 
navigation of the globe which first led him 
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to think of writing the book which made 
him immortal. 

George Anson was born in Staffordshire 
in 1697. At the age of fifteen he entered 
the navy and ten years later, in 1722, was 
given his first independent command. 
Seventeen years of active service followed. 
In 1739 his great opportunity came. By 
the Admiralty plan, a man was needed to 
command one of the squadrons which was 
to be sent out to fight the Spaniard on 
the other side of the world. Anson was 
chosen and recalled from his station in 
America to play a réle in which he was to 
capture and forever hold the imagination 
of a maritime race. His mission, as finally 
conceived, was a dangerous one. He was to 
round the Horn, and, while Vernon oper- 
ated in the Caribbean, he was to “distress 
and annoy the King of Spain and his 
subjects”’ along the west coast of South 
and Central America. The eight vessels 
of Anson’s squadron put to sea September 
18, 1740. Anson was a brilliant leader. 
English seamen were superior to those of 
any other nation. Three ships survived 
the Horn, but after rounding it, they were 
no longer effective vessels of war. No 
extensive campaign could be undertaken, 
and all thought of the substitution of 
English for Spanish rule in Central and 
South America was at an end. Scurvy had 
taken its toll. Let Chaplain Richard 
Walter describe conditions aboard Anson’s 


flagship: 


‘Soon after our passing Straits Le Maire, the 
scurvy began to make its appearance amongst 
us; and our long continuance at sea, the fa- 
tigue we underwent, and the various disap- 
pointments we met with, had occasioned its 
spreading to such a degree, that at the latter 
end of April there were but few on board, who 
were not in some degree afflicted with it, and 
in that month no less than forty-three died 
of it on board the Centurion . . . in the month 
of May we lost near double that number: and 
as we did not get to land till the middle of June, 
the mortality went on increasing, and the 
disease extended itself so prodigiously, that 
after thé loss of above two hundred men, we 
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could not at last muster more than six fore- 
mast men in a watch capable of duty; . . . to 
so wretched a condition was a sixty-gun ship 
reduced, which had passed Straits Le Maire 
but three months before, with between four 
and five hundred men, almost all of them in 
health and vigour... ” 


Two hours to trim the sails; four hours to 
heave the anchor cable up and down, and 
then unable to start it because the capstan 
was so weakly manned! A long period of 
rest and recuperation at Juan Fernandez 
restored many to health, but those who 
had died could not be replaced, and of 
961 men comprising the original crews 
of the three vessels which reached Juan 
Fernandez, only 335 were living in Septem- 
ber, 1741, most of the 626 dead having 
succumbed to scurvy. 

Anson returned, laden with booty, in 
1744 and Chaplain Walter, in 1748, the 
year of Roderick Random and the year of 
Lind’s return to Edinburgh, published 
A Voyage Round the World in the Years 
1740-1—2-3-4 by George Anson, Esq., now 
Lord Anson, which ran to four editions in 
the first year. The ravages of scurvy were 
described with overwhelming force, while 
the dramatic events of Anson’s voyage 
aroused intense popular interest. Lind 
was only one of many who must have 
been stirred by the pitiful account of brave 
men crippled and destroyed by scurvy. 
With them died English dreams of a South 
American empire, but their deaths and 
Chaplain Walter’s telling made men aware 
of the cruel extent of scurvy’s ravages at 
sea and directly led to Lind’s great treatise. 

Anson returned to occupy the highest 
posts in the Admiralty and became Admiral 
of the Fleet before his death in 1762. He 
was First Lord when Lind dedicated his 
Treatise to him; as First Lord in 1758 he 
appointed Lind physician to the new Naval 
Hospital at Haslar, a post Lind occupied for 
many years. Lind died in 1794, at the age 


Farrell—Control of Scurvy 


Novemser, 1939 


of 78. Smollett pursued that fickle hussy 
literary fame, with variable success. Never 
was he further from her favor than when 
in 1769, he produced The History pie: 
Adventures of an Atom, which is mentioned 
here only because of the bitter lampoon 
of the dead Admiral Anson under the 
soubriquet of Nin-kom-poo-po. Smollett 
was, however, an ailing man and he sur- 
vived only long enough to finish The 
Expedition of Humpbrey Clinker which 
appeared in 1771. 

Smollett, Lind and Anson live as long 
as books are treasured and read. Two 
hundred years ago their destinies took 
definitive shape. Their single important 
common experience, naval service, gave us 
a novel, prototype of naval fiction; a 
treatise, greatest of its kind; and a travel 
narrative, yet unsurpassed, all three of 
which contributed to one of man’s grandest 
medical victories, control of scurvy. 
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